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Colour Computer graphic by John C. Mott-Smith 

Of his colour Computer graphics John C. 

MottSniHh, Chief oí the Image Processing Branch 
of the Data Sciences Laboratory at the Air Porce 
Cambridge Research Laboratories. Bedford, 
Massachusetts. says. 'On the technical síde. the 
pie tu res were m ade by tinte-lapse photograpliy 
successíveiy exposed through coloured fiíters. 
of an osciltoscope connected lo a computen The 
origina! programme on which much of my work 
is based is calfed the Minskytion after Marvin 
Minsky of the Massachusetts Institule of 
Technology. It wns apparently writlen by an 
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anonymous student as a demonstraron that íi 
computei can be used to demónstrate the 
motion of partictes in a compficated forcé field. a 
fací oí parlicular interesi in cases wheie the 
malhematics is intractable. After seeing the 
Minskytron display I tried to devefop a set of 
prográmeles specifically to generate inteiasting 
patterns. These pictures are a sample of the 
result. each representing a fengthy períod of 
exploiatton and experimenta ti on to acliicve o 
desired effect.* 
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Introduction 


Jasia Reichardt 

Cybernelic Serendipity is an inlernational exhibítion exploring.and 
demonstrating sonie of the relationships between technology and 
creativity. 

The idea behind this venture, forwhich I am grateful to Professor 
Max Bense of Stullgart. is to show some of the Creative forms 
engendered by technology. The aim is to present an area of 
acttvity which manifests artists' involvement with Science, and the 
scientists' involvement with íhearts ;also, to show the links between 
the random systems employed by artists. composers and poets, and 
those involved with the making and the use of cybernetic devices. 

The exhibition is divided into three sections. and these sections 
are represented in the catalogue in a dtfferent order: 

1. Computer-generated graphics. computer-animated films, 
computer-composed and -played music, and Computer poems and 
texts 

2. Cybernetic devices as works of art. cybernetic environments. 
remote-control robots and paínting machines 

3. Machines demonstrating the uses of computers and an 
environment dealing with the history of cybernetics. 

Cybernetic Serendipity deais with possibilities rather than 
achievements, and in this sense ¡t is prematureiy optimistic. There 
are no heroic claims to be made because computers have so far 
neither revolutionized music, ñor art, ñor poetry, m the same way 
that they have revolutionized Science. 

There are two main points which make this exhibition and this 
catalogue unusual in the contexts in which art exhibitions and 
catalogues are normally seen. The first is that no visitar to the 
exhibition, unless he reads all the notes relating to all the works, 
will know whether he is looking at something made by an artist, 
engineer, mathematician, or architect. Ñor is it particularly ¡m- 
portant to know the background of the makers of the varíous 
robots, machines and graphics-it will not alter their impact, al- 
though it mighí make us see them differently. 

The other point is more significant. 

New media, such as plastics, or new systems such as visual music 
notation and the parameters of concrete poetry, inevitably alter the 
shape of art, the characteristics of music, and the contení of poetry. 
New possibilities extend the range of expression of those Creative 
people whom we identify as painters, film makers, composers, and 
poets. It is very rare. however, that new media and new systems 
should bring in their wake new people to become ¡nvolved in 
creativa activity, be it composing music, drawing, constructing or 
writing. 

This has happened with the advent of computers. The engineers 
for whom the graphic plotter driven by a Computer represented 
nothing more than a means of solving certain problems visually, 
have occasionally become so interested in the possibilities of this 
visual output. that they have started to make drawings which bear 
no practical application. and for which the only real motives are the 
desire to explore, and the sheer pleasure of seeing a drawing 
materialize. Thus people who would never have put pencil to 
paper, or brush to canvas, have started making ímages, both still 
and animated. which approximate and often look identical to what 


we cali 'art' and put in public galleries. 

This is the most important single revelation of this exhibition. 

Work on this project started in the autumn of 1965. Only by 1 968, 
however, was there enough financial support for it to go ahead. 
Since the project involves computers, cybernetics. electronics, 
music. art, poetry, machines, as well as the problem of how to 
present this hybrid mixture. I could not have done it on my own. 
I was very iucky to have had the help and advice of: 

technoiogica! adviser -Mark Dowson, freelance electronics and 
system design consultant, associated with Dr Gordon Pask and 
System Research Ltd. 

music adviser- Peter Schmidt, painter, who has a particular interest 
in electronic and Computer music and who has composed music 
himself. 

exhibition otes/ctoe/'-Franciszka Themerson, FSIA, OGG Collége 
de Pataphysique (Paris), painter and theatrical designen 

I would also like to acknowledge the kind help, valuable advice, 
and very real encouragement I have received from the followiny: 

Al Exhibition £t Display Ltd, London 

Keith Albarn & Partners Ltd., London 

Miss Rufina Ampenoff, Boosey & Hawkes, London 

Robert d'Ancona. IBM, London 

Professor Wayne V. Andersen, MIT 

Mrs Dorothy van Arsdale, Smithsonian Institution, Washington 
The Arts Council of Great Britain, London 
Auto-Films Ltd, London 

R. Backlund and Miss J. Lashly of the American Department of 
State, Washington, D.C. 

Pierre Barbaud, París 
Frank Barker, Plessey 
Gene Baro. London/New York 

Professor Richard B, BeamamCarnegie-Mellon University, 
Pittsburgh 

Lutz Becker, Slade School of Art, London 

Professor Richard Bellman, University of Southern California 

Flercules Bellville, ICA 

The Rt. Flon. Anthony Wedgwood Benn, Minister of 
Technology, London 

Professor Max Bense, Stuttgart University 
Alian Bernholtz, Harvard University 

Professor Gordon Black, National Computing Centre, Warrington 

Bolton & Fairhead Ltd, London 

Professor Alfred M. Bork, Harvard Project Physics 

Lord Bowden, University of Manchester 

Juliet Brightmore, ICA 

John Brown, ICA 

Peter Brunskill, London / 

Professor R. A, Buckingham, Instituteof Computer Science, London 

Michael Bygrave, ICA 

California Computer Products, Los Angeles 

David Caplin, Ministry of Development, Israel 

Carlton Studios Ltd, London 

Donald Carroll, London 

Professor Sylvío Ceccato, Milán 

Edith N. Cook, Washington, D.C. 

Pat Coomber, ICA 
Brian Croft. ICA 

James Cuomo, Illinois University School Music 

Sue Davis, ICA 

Pierre Demarne, IBM, Paris 

Sally Downing, London 
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Duveen and Walker Ltd. London 
Professor W. S. Elliott, Imperial College 
Noa Eshkot, Israel 

Dr Christopher Evans. National Physical Laboratory, London 

Humphrey Evans, London 

Professor Dermis Gabor, Imperial College. London 

Martin Gardner. New York 

Professor Stanley Gilí, Imperial College, London 

Robert Goodell and Natalie Greening, USIS. London 

Hugh Gordon, London 

Gordon's Cameras Ltd, London 

John Halas. Halas & Batchelor Ltd, London 

Anthony Hill, London 

Tom Holloway, London 

Pontus Hulten, Stockholm 

Dr. Ernest Hutten, University of London 

Maurice Hyams. London 

Instituía of Advanced Studies, Vienna 

Michael Kassler, Princeton University 

Gyorgy Kepes, MIT 

G. M. Koenig, Studio voor Elektronische Muziek, Utrecht 

Hubert Kupper, Düsseldorf 

Michael Kustow. ICA 

Julie Lawson, ICA 

Mimi Lipton, ICA 

Mary Llewelyn, ICA 

Dr Arthur Loeb, Ledgemont Laboratory, Lexington 

Andrew Logan. ICA 

Edward Lucle-Smith, London 

Witold Lutoslawski, Warsaw 

Warren McCulloch, MIT 

John McHale. Carbondale 

Henry P. McNulty, London 

J. G. Mackarness. British Computer Society. London 
Rex Malik. London 

Jerome Margullos, Council on Leaders and Specialists 
Washington, D.C. 

Dr Siegfried Maser, Stuttgart University 

Hansjórg Mayer. London/Stuttgart 

Professor Leslie Mezei, University of Toronto 

Professor Donald Michie, Edinburgh 

Moderna Museel, Stockholm 

Dorothy Morland, ICA 

Bruno Munari, Milán 

Nicholas Negroponte, MIT 

Pei-Olof Olsson, Lidingo, Sweden 

Alton B. Otis, University of Illinois School of Musíc 

Colin Oven, Bath Academy of Al t 

Robert Owen, London 

Professor Seymour Papert, MIT 

Rene Pardo, Montreal 

Sir Roland Penrose, ICA 

John Phillips, London 

Dr J. R. Pierce. Bell Telephone Laboratories 

Dr D. G. Prinz. Manchester 

Joseph Raben, New York 

Georg Rapp, R a pp & Whiting, London 

Bridget Riley, London 

Dr Philip Ritterbush, Smithsonian Institution. Washington 

Carolyn Robinson, Bath Academy of Art 

Arnold Rockman, Ontario 

Sue Rostas, London 

Lionel Salter, B.B.C, 

Jeremy Sandford, London 
Scientific American, New York 
I- J. Seligsohh, IBM, Armonk 
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Margare! Semple, London 
Diana Seymour, Bath Academy of Art 
Mrs Joseph Sehillinger, New York 
John Sharkey, ICA 

Robert Simpson, Electrosonic Ltd. London 

David Skilbeck, Bath Academy of Art 

Lord Snow, London 

Yolanda Sonnabend. London 

Stable Gallery. New York 

Leslie Stack, ¡CA 

Stedelijk Museum, Amsterdam 

Saúl Steinberg, New York 

Jeffrey Steele, Portsmouth College of Art 

Noelle Stewart. Bath Academy of Art 

C. Strachey, Oxford 

Ann Sullivan, ICA 

Peter Tebbitt, London 

B. M. Thompson, Cambridge 
Tokyo Gallery, Tokyo 

Peter Townsend. Studio International, London 

Norman Toynton, London 

M. S. Trask, IBM, London 

Vladimir Ussachevsky, Columbla University 

Darcy Vaughan-Games. ICA 

Martine Vite, Hammersmlth College of Art 

Hermán de Vrles, Arnhelm 

Professor C, H. Waddington, Edinburgh 

Michael Wall, Computaprint. London 

Sue Wasserman, ICRH, New York 

Tony Watts, System Research, London 

Alexander Weatherson. London 

Western Associatlon of Art Museums, Seattle 

Professor Frank H. Westervelt, University of Michigan 

Michael White, London 

C. Whitley-Strevens, Cambridge 
Knut Wiggen, Stockholm 

David Williams, Imperial College. London 

Howard Wise Gallery, New York 

Michael Young. Studio International, London 

Ben Zonena. Studio International. London 

and many, many others. who may not have been mentioned 

but whose contribution has been no less valuable. 

Fmally I want to express my appreciation to all the contributors 
to the exhibition and the catalogue who gave me so much material 

Information, and time. It is, after all. their exhibition and their 
catalogue. 

Marc Adrián, Vienna Institute of Advanced Studies Vienna 
Yaacov Agam, Paris 
Roy Alien. Imperial College, London 
Kurd Alsleben, Hamburg 
Robert Baker, Illinois University, Urbana 
Nanni Balestrini. Milán 
L. W. Barnum. E.G. 6 G. Inc,, Las Vegas 
Jean A. Baudot. Centre de Calcul. University of Montreal 
Professor Jeanne Beaman, Dance Department. Carneqie-Mellon 
University, Pittsburgh 

James W. Beauchamp. University of Illinois Experimental 
Music Studio 

Stafford Beer, International Publishmg Corporation, London 
Benson Lehner Limited. Southampton 
Dr John Billmgsley, Engineering Department, Cambridge 
University 

Boeing Company. Seattle 
Earle Brown, New York 









Professor Herbert Brün, School of Music, Illinois University. 
Urbana 

John Cage, New York 

Calcomp (California Computer Products Incorporated). 

Anahenn 

Die Cambridge Language Research Umt, Cambridge. England 
Eugenio Carmi, Genoa. Italy 

Ing. Helmut Clausen, Siemens A.G.. Erlangen, Germany 
David Cockerell, London 

Professor John Cohén, Department of Psychology. Manchester 
University 

Andrew Colín, Computer Laboratory, University of Lancaster 

Computer Technique Group. Tokyo 

Haymond Conner, Modular Systems Design Consultants, 

London 

Ken Cox, Tetbury. Gloucestershire 

Professor Charles Csun, School of Art. Ohio State University. 
Columbus 

James Cuomo. Illinois University School of Music 
Roger Dainton, Axle Light Sound Development, London 
D. J. DiLeonardo, Westinghouse Electric Corporation, West 
Mifflin, Penrisylvanta 

Di Vladimir Drozen, Hradec Kralove, Czechoslovakia 
John M. Emler, Cornell Computmg Center. Ithaca, N.Y. 

Darel Eschbach, Computation Center, University of Toledo, 

Ohio 

Di Christopher Evans, National Physical Laboratory, Teddington, 
Middlesex 

A. R. Forrest. Cambridge University Mathematical Laboratory, 
Cambridge 

Professor Wilhelm Fucks, Technische Hochschule, Aachen, 
Germany 

Jim Gabura, Institute of Computers. Toronto University 
General Motors Research Laboratories, Michigan 
Professor I. J. Good, Department of Statistics, Virginia Poly- 
technic Institute 

Dr D. H. Green, Institute of Science and Technology, Manchester 
University 

Pietro Grossi, 2 SF M, Florence. Italy 

León D. Flarmon, Bell Telephone Laboratories, Murray Hill, 

New Jersey 

Hermann J. Hendrich, Vienna 
Leigh Flendricks, Sandia Corporation, Albuquerque 
Dr D. Henry, Department of Philosophy, Manchester University 
Dick H¡ggins, Something Else Press, New York 
Professor Lejaren A. Hiller, School of Music, University of 
Illinois, Urbana 
Richard Hogle. New York 

London, New York, Tokyo 
Edward Ihnatowicz, London 

Leonard M. Isaacson, formerly of University of Illinois 
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Kenneth Knowlton, Bell Telephone Laboratories, Murray Hill, 
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J. Krausse, Berlín 
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Ben Laposky. lowa 

David Lewin, Music Department, UCLA at Berkeley 
John Lifton. London 

Professor Robert Mallary, Department of Art, University of 
Massachusetts, Amherst 
Rex Malik, London 

Frank J, Malina, Leonardo—International journal of the 
contemporary artist, Boulogne sur Seine 
Maughan S. Masón, Thiokol Chemical Corporation, Utah 
Margaret Masterman. Cambridge Language Research Unit 


Dr Brian H. Mayall, Hospital of the University of Pennsylvania, 
Philadelphia 

Robin McKinnon Wood, Cambridge 

Professor E. Mendoza, Physics Department, University College 
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Professor Leslie Mezei, Institute of Computer Science, Toronto 

Peter Mílojevic, Computing Center. McGill University, Montreal 
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Edwin Morgan, Glasgow 

Rev. A. Q. Morton, Fife, Scotland 
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Cambridge Research Laboratory, Bedford. Massachusetts 
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Michael Noli, Bell Telephone Laboratories, Murray Hill, New 
Jersey 

T. H. O'Beirne, Barr and Stroud Limited, Glasgow 
Nam June Paik, New York 

Duane M, Palyka. Carnegie-Mellon University, Pittsburgh 
Alan Parkin. London 

Dr Gordon Pask, System Research Limited, Richmond. England 
Professor Lionel Penrose. Emeritus Professor of Human 
Genetics, London University 

H. Philip Peterson. Control Data, Burlington, Massachusetts 
Dr J. R. Pierce, Bell Telephone Laboratories, New Jersey 
Professor M. Pitteway, Department of Computer Science. Brunel 
University, Middlesex 

Professor Robert Preusser. School of Architecture and Planning. 

M.I.T., Cambridge, Massachusetts * 

Tony Pritchett and Hugh Ríddle, London 
Professor J. K. Randall, Department of Music, Princeton 
University, New Jersey 
John Ravilious, Lewes. Sussex 
Andrew Rawlinson, Cambridge 

Professor Donald D. Resch. Department ot Computer Science, 
University of Illinois, Urbana 

A. Riotte, Centre Européen de Traitement de l’lnformation. Várese, 
Italy 

Donald K. Robbins, Sandia Corporation, Albuquerque 

The late Joseph Schillinger, New York 

Nicolás Schóffer, Paris 

Scientific American, New York 

James Seawright, New York 

M. P. Sehnert, Augustus, Societa Cinematográfica Europea, 

Rome 

Johan Severtson, Amherst, Massachusetts 
Hermann J. Stiegler, Vienna 
Karlheinz Stockhausen, Cologne 

Professor Gerald Strang, Department of Music, California State 
College 

Craig Sullivan, California Computer Products Inc, Anaheim 
Lloyd Sumner, Computer Creations. Charlottesville 
Alan Sutcliffe, ¡CT, London 

James Tenney, Polytechnic Institute of Brooklyn, New York 
Jean Tinguely, France 
Wen Ying Tsai, New York 

John Weeks, Llewelyn-Davies Weeks, Forestier-Walker and 
Bor, London 

John Whitney, Motion Graphics. Los Angeles 
Ulla Wiggen, Stockholm 
lannis Xenakis, Paris 

Dr E. E. Zajac, Bell Telephone Laboratories. New Jersey 
Peter Zinovieff, London 
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Norbert Wiener on 
cybernetics 


llie best-known defulition of cybernetics is Norbert Wiener's 
sub-title lor his book Cybernetics —'Control and communicalion ín 
the animal and machine'. 

He described it further in 1950 as the study of messages as a 
means of controlling machinery and society. 

His first book on this subject was a technical one, and Wiener in 
ordeno make his ideas acceptable to the lay public wrote another 
voíume The human use oí human beings, subtitled Cybernetics 
and society. In the second edition of this book. in 1954, Wiener 
elaborated further the new context in which cybernetics had 
become relevant: 

In glving the definition of Cybernetics in tfie original book, í 
classed communicalion and control together. Why did I do this? 
Wlien I communicate with another person, I impart a message to 
him, and when he communicates back with me he returns a 
related message which contains Information primarily accesible 
to him and not to me, When I control the actions of another person, 

I communicale a message to him, and although this message is in 
the imperative mood. the technique of communication does not 
differ from that of a message of fací, Furthermore. if my control is to 
be effective I musttake cognizanceof any messages from him which 
may indícate that the order is understood and has been obeyed. 

'!t is the thesis of this book that society can only be understood 
through a study of the messages and the communication facífities 
which belong to it; and that in the future development of these 
messages and communication facilities, messages between man 
and machines, between machines and man, and between machine 
and machine, are destined to play an ever-increasing part. 

'When I give an order to a machine, the situation is not essentially 
different from that which arises when I give an order to a person. 
In other words, as far as my consciousness goes I am aware of the 
order that has gone out and of the signal of compliance that has 
come back. To me. personally. the fact that the signal in its inter¬ 
medíate stages has gone through a machine ratherthan through a 
person is irrelevant and does not in any case greatly change my 
relation to the signal. Thus the theory of control in engineering, 
whether human or animal or mechanical. is a chapter in the theory 
of messages. 

'Naturally there are detaíled differences in messages and in 
problems of control not only between a living organism and a 
machine, but withín each narrower class of beings. It is the purpose 
of Cybernetics to develop a language and techniques that will 
enable us indeed to attack the problem of control and communica¬ 
tion irj general, but also to find the proper repertory of ideas and 
techniques to classify their particular manifestations under certain 
concepts.' 

(From The human use of human beings by Norbert Wiener, 
Doubleday. 1964.) 



This digital Norbert Wiener is the work of H. Philip Peterson of the Control 
Data Corporation Digigraphics Laboratories, Burlington, Mass. The picture 
is composed entireiy of numbers. Each two-digit number representa the 
density of colour in the area it occupies. based on a 'grey scale' of 100 
increments. Philip Peterson designed the numérica! character foní so that 
the higher the number. the darker it appears to the eye. A Control Data 
Model 280 Digigraphic Scanner was used with a Model 160 Computer to 
sean a 35 mm. black and white slide of Wiener, averaging the density in 
each of 100.000 'cells'. A Calcomp Mode! 564 plotter, driven on-line by a 
Control Data Model 3200 Computer, was then used to plot the digits 
wíthin the cetls, which are -115 in. squares in the original plot. Scanning 
and Processing lime is about 4 minutes on the CDC 160, and plotting 
time on the Calcomp 564 is about 16 hours. 
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Notes on cybernetics 


Mark Dowsort 

Robots and computers have been with us for a iong time. The 
fírst computers were the abacus used thousands ot years ago ; the 
first robot (¡n myth, if not reality) the Golem, a man made of clay 
by the High Rabbi Lev Ben Bezalel of Prague in the sixteenth cen- 
tury. This ¡s also the first cautionary tale about robots; for the 
Golem. animated by a slip of paper bearing the ñame of God. stuck 
to its forehead, turned on the Rabbi and killed him when he made it 
work on the Sabbath. The word 'robot' comes to us from the Czech 
writer Karel Capek and his play, R.U.fí. (ñussums Universa / 
Robots) of 1928. Meanwhile computers had been developing 
steadily; the first adding machine was Pascal's calculator, 1642, 
followed closely by Leibniz's calculating machine which could 
multiply, divide and extract roots. Automation started with Jac- 
quard's punch-card-controlled loom (1801) and, of course, fair- 
ground organs controlled on a similar principie. 

The first Computer in the modero sense of a machine whose 
operations are controlled by its input. would have been Charles 
Babbage s Analytical Engine (c.1840) had he completed it, but we 
must wait till this century and Bush's Differential Analyser (1 927) 
for the first working example of this type of machine. The Second 


World War gave a spur to the development of servomechanisms 
and electronic computation and saw the creation of the first 
stored-programme digital electronic Computer. ENIAC. 

Cybernetics was born officially in 1948 with the publication oí 
Wiener s book— Cybernetics, or Control and communication in the 
animal and the machine. A year later, Shannon's paper, A ntathe- 
matical theory of communication. Consolidated the foundations 
of cybernetics as we know it today. 

A list of a few sígnificant events and their dates: 

1642 Pascal's calculator was built 
1 673 Leibniz builds his calculating machine 
1801 Jacquard's punch-card-controlled loom 
1 840 Babbage working on his Analytical Engine 
1868 Maxwell publishes his theoretical analysis of Watts 
governor 

1 927 Bush constructs his Differential Analyser 
1944 ENIAC constructed 

1946 Fírst Josiah Macy Foundation conference on Cybernetics 

1948 Norbert Wiener's book Cybernetics published 

1949 Shannon publishes his paper The mathematicaI theory of 
communication 

1956 First congress of the International Association of Cyber¬ 
netics at Namur, Belgium. 

Since the eariy 1950 s the pace of work on cybernetics has been 
so intense and the rate of new discoveries so fast that time alone 
wiH teN which events will prove to have been crucial in the develop¬ 
ment of this still refatively young Science. 


Digital computers 


Mark Dowson 

A digital Computer consista oí four main sections An Arithmetic 
Umt which performs simple operations on data ; a Memory System 
forstonng data; Input-Output equipment; and a Control Unit for 
controlling the flow of information in the system. 

Memory 

Information is stored in a Computer in the form of binary numbers 
or a fixed number-from twelve to about forty-eight-of digits ■ 
these are known as words. There are two main types oí storage! 
One. high speed storage, which often consists of ferrite cores 
holds Information which must be instantly available and may have 
a capacity of from 4,000 to over a million words. The time it takes 
to get one word oí information to or from this type of storaqe 
known as memory cycle time', determines the overall speed of 
operation of the Computer. As welí as data, the high speed storaqe 
holds the programme or set of instructions which determines the 
sequence of operations. The other type of storage contains data 
which may be required durmg the course of a Iong computation or 
even programmes which are not currently being used. It consists 
of either magnetic tape, which will store large quantities of In¬ 
formation but has the disadvantage of relatively Iong access time, 


or magnetic disc or drum storage-spinning dises or drums of 
recording-tape-like material-which is Intermedíate in both capa- 
city and access time between ferrite core storage and magnetic 
tape. 

Input/output devtces 

Computer input/output devices may handle information in a 
vaneíy of forms-lióles punched in card or paper tape, printed 
characters. or visual display on a cathode ray tube, amongst 
others. Une printers will print out Information at up to 1,200 Unes 
per minute. Recently, light-pen systems have been developed 
which allow the user to communicate dírectly with a Computer by 
drawing on the face of a cathode ray tube. 

Arithmetic unit 

The function of the arithmetic unit is to perform very simple opera- 
tions on data very quickly. A programmer's job, therefore, consists 
m breaking down problems into very small and simple parís which 
aie then done by the machíne at great speed. In mariy cases this 
has led to the complete revisión ot conventionaf methods of 
solving problems. 

Control un/l 

As digital computers become iarger and more elabórate their con¬ 
trol units necessarily increase in complexity. The primary function 
of the control unit is lo ¡nterpret the instructions in the programme. 
control the transíer of information within the Computer, and con¬ 
trol the operations of the arithmetic unit. In iarger systems which 
are multi-programmed'. i.e. contain and perform several pro- 
grammes simultaneously. the control unit must select which pro¬ 
gramme is to be foilowed at any particular instant taking into 



















account the most efficient use oí Computer time and the priorities 
of the various programmes. In time-sharing, when two operators 
are able to use the Computer simultaneously. the control unit must 
apportion time between the users so that they may ali act as ¡f they 
have the competer to themselves. 

Size of computing systems 

The largest modern computing systems. although many times 
smaller than tlteir counterparts of a few years ago, can still take up 
thousands of square feet of floor space and tlieir cosí may run ¡nto 
mitfions of pounds. In contrast the srnallest (commercially) avail- 
able computers are no larger than an electrlc typewriter and cost as 
hule as (,'¡1,000, Termináis cooneciecl by tclephone Une lo a large 


central Computer can be bought and run for as little cost as that of a 
small car. Thus the idea of a Computer in every home is not as 
distant as it seemed a few years ago. 

Computers and the arts 

It is merely an historlcal accident that computers are largely used 
for mathematlcal calculatlons. Computers manipúlate symbols 
which can represent words, shapes or musical notes as easlly as 
numbers. Soon it wíII no longer be surprislng to see a Computer on 
the stage of the Queen Etizabeth Hall—tliis actually happeried in 
January 1968—interpreting and performing a piece of music before 
a fascinaled audience. 


Ramón Luli's logic machine 

This was originally dosigned by the Spanish theologian and visionary. 

Ramón Luil in tile 1 270's. Luli's diagrams dealt witti rhe atlritautes of God. 
States of tlie soul, and the seven virtues and the seven deadly sins. 

Warren McCulloch referred to Luli's ’attributes of God' machine, as 
digital, an either/or machine: 

This figure concerns the soul whlcli ¡s designated by the ietter S. 

The btuo square. with coméis marked B C D E represonts a normal, 
healtliy soul: B slands for memory Ihar remembeis. C intetlect that knows, 

D will that loves, E unión oí tiloso ti mu: íaculties. 

tile black square F G H I. is tile condillon that results when the will liares 
in a normal lashion. e.g. when it bates sin; H represents thisfaculty, 

E memory ihat remembeis. G inletiect that knows, I combines H F G. 

The red square K L M N denotes a condition of sout in whicli K is the 
memory that íorgets; L the mind that is ignorant. M tile will that bates ¡n 
an abnormal fashion, N unites these tliree degenerate faculties. 

The green square O P Q R is the square of ambivalence or doubt: P stands 
for mind that botli knows and is Ignorant, O memory that retains and forgets. 
Q witl that loves and hales, R represents the unión of the three. 
l.ult. considered this last State the unliealthiest of the four. 

If we superimpose rhe four coioured squares in such a way that tlieir 
corners form a circle of sixteen letters. we find, in addltion to the four 
comer letters E I N R which are unlons of the three corners of their 
respective square, that the faculties 0 P and Q are unions of the three 
faculties that precede them as we move the ¡nner circle ctockwlse around 
the figure. The circle of sixteen letters can be rotated within a ring of 
compartments contalnlng the same faculties to obtain 136 combinations 
of faculties. 



SAM 


Stafford Beer 

Pattems-rigid or chaotic-are the stuff of 
the universe . . . 

Therefore of both art and artifaets . .. 

The rigid patterns do not change at all. 
Wallpaper patterns, the triangle of the 
Sistine Madonna, 
the proportions of the Parthenon, 
the shape of a fugue- 


of a baliade- 

are like the pattem of an engine, 
of a Computer, 
of an aircraft. 

Chaotic patterns change eternally: 

A waterfall or a thunderhead, 

The scurrying of ants, 

Ciouds, wind and sea- 
Atonal music and action painting, 

Mobiles and the AEolian harp 
Are matched in Science 
By the alpha-particle, 

The coltision of gas molecules, 

The noise of the radio star. 

What lies between rigidity and chaos- 
Which both have their art and their Science ? 

It is change within order 


which perhaps defines design 

Variations on a theme, for art- 
and for Science the stochastic process. 

A stochastic process generates a pattern 
which is almost rigid in the long run 
through a long series of apparently random 
events. 

It is defined by mathematical statistics. 

Will the next toss yield heads or tails? 
Nobody knows. 

But in a long enough series of tosses 
half will be heads. half tails. 

Most economic processes are stochastic. 
Random events conspire towards 
particular patterns- 
in the long run. They are complicated. 
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randomly pul out by the first 
to trigger off the second. 

That is why two machines are joined 
together 

in the second mock-up. 

The design of these two machines reflects 
the same stochastic system. (í 

Now it is possibie to determine the 
interaction 

between two processes by counting 
the number of ball-bearings in the zig-zag 
at the top of the second machine- 
because the input to the second machine 
is the output of the first. 

This reproduces the convoiuted 
probability pattern, for instance, 
of a stock held between two stochastic 
processes. 

And here is ha!f the completed SAM- 
Five stochastic generators (; 

(There are five more behind the camera) 
And a control consolé. 

This total machine, soon superseded by 
electronic computers. 
was used about 1955 to elucídate 
the natural design of stochastic 
¡nteractions 

¡n a Sheffield steelworks. 

It says something. in physical form and 
mechanism. 

About the chaotlc fulfilment of rigld 
patterns— 
about DESIGN. 


and they ¡nteract. Below. SAM mark l 

Bottom left. SAM marks III B- II 
In the early 1950's, before it was cfear that Bottom right. SAM final model 
computers would eventually cope with this 
kind of calculation at a reasonable cost, 

Stafford Beer devised SAM- 
the Stochastic Analogue Machine. 


Here is his original mock-up of the machine. ; 
Ball bearings fell from the top, 
and were randomly delayed (1) 

by falllng through the slide at the bottom. 


How long they took could not be 
predlcted, 

because each ball entered the slide 
at a dlfferent, 
undetermlned place, 

How the ball got into this place 
was settled 

by ¡ts falllng through a sleve and runnlng 
down a cone. 

No one could say where the next ball 
would go 

But the pipes connectlng the 
randomizer to the slide 
settled the proportíons by which 
large numbers 
of batís would be delayed. 


So it was possibie to generate a rigid 
pattern 

By a random series of events. 


When the pattern for one process could be 
generated, 

It became necessary to generate the pattern 
of the next process, and to use an event 













































XVOHAUK 


UlUMIIMt-AnOM wi,,M 


Highlights of the history and 
technology of computers 
from 1890 to the present 


Each of the six display umts consists of a scaie model of a his¬ 
tórica! ¡nnovation in data-Processing machines, and an audience- 
operated animation device which highlights the technological 
break through represented by the machine-providing insighl into 
sume basic computei concepta. The machines shown here were 
solecled because oí their histórica! significance to the tabulating, 
calculatmg and compotmg ¡ndustry. The six systems featured are 
lite l-loflerith (1890). Mark I (1944). IBM 603 (1946). IBM 701 
(1952), IBM 7070 (1958) and System/360. 

The audience-oporated demonstrations inelude devices which 
help to explain punched-card data ptocessing, programming, 
bmary arithmetic. magnetic tape storage, core rnemoiy, and 'real- 
time' ¡nfotmation handling. 

These six display units make up the travellmg versión of a section 
which IBM provided for an exhibition entitled 'History and Tech¬ 
nology of Computers' which was held at the Smithsonian In- 
stitution in Washington. The IBM display section won the first 
place gold medai as the most outstanding exhíbit of the year at the 
International Display World Competition of 1967. 


Top, A section of the IBM 
exhibit at the Smithsonian 
Institution 


Above. Typical scaie model 
Far left. Six animation 
panels ¡neluded in each 
display 

Left. One of the six stands 
¡n thn IBM display 
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Glossary 


ADDRESS 

In a digital Computer; the ñame of a position 
in Memory where some piece of informaron 
is stored. 

ALEATORY 
Chance, random. 

ALGOL 

One of the most commonly used Computer 
programming languages. Its ñame is derived 
from 'ALGOrithmic Language'. 

ALGORITHM 

A prescribed set of wéll-defined rules for the 
solution of a problem. Contrast-HEURISTIC. 

ALPHABET 

The symbols used in a language, A digital 
Computer's alphabet is the two symbols '0' 
and '1 

ANALOGUE 

A physical, mechanical, electrical model 
(used for computation by analogous re¬ 
presentaron) corresponding in some respect 
to the original object or concept, with or 
upon which measurements or calculatíons 
aretobeperformed. 

ANALOGUE COMPUTER 
A device to perform calculations about real 
Systems by constructing a (usually electrical) 
model or 'analogue' of a System and makíng 
measurements on ¡t. 

ARITHMETIC UNIT 

That part of a computei performing arith- 
metlc and logical operations, 

ATTACK& DECAY 

Wave forms opening and closing a sound or 
pulse. 

AUTOMATON 

A determinlstic machine which applies an 
Algorithm to ¡ts inputs to fjnd the appro- 
priate output. 

BINARY 

A toddler from a famíly refined 

Alternatively giggled and whlned 

Itissad to relate 

That the State of his fate 

Was the binary State of his mind. 
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A characteristic, property or condition in 
which títere are two possible alternatives. 
The binary code used ¡n computers is ex- 
pressed ¡n terms of one and zero representing 
on or off. 

BINARY DIGIT 
A binary number:0orí. 

BIT 

Common abbreviation for binary digít; used 
also as a unit of measurement of Information. 

BIONICS 

The Science that studles blological mech- 
anisms ¡n order to construct machines uslng 
their principies. 

BLACK BOX 

A System whose inputs and outputs are known 

but with an unknown internal mechanism. 

CATHODE RAYTUBE (C.R.T.) 

A vacuum tube ¡n which electrons emitted 
by a hot cathode are formed into a narrow 
beam or pencil and accelerated at hlgh 
velocity toward a specially prepared screen 
which fluoresces at the point where the 
electrons strlke: provides visual display of 
electronic slgnal Information ; can be used as 
a Computer storage device. 

CHANNEL 

That part of a communication system along 
which messages are conveyed. 

CODE 

A system of symbols for representing data 
orinstructions. 

COMPILER 

A special type of Computer programme which 
will automatically transíate programmes 
written in some universally-known program¬ 
ming language such as FORTRAN Into 
machine language instructions suitable for a 
particular Computer. 

COMPUTER 

Any system which operates on information 
to produce an output. See DIGITAL COM¬ 
PUTER. 

CORE 

See FERRITE CORE. 

CYCLE 

Afixed periodofoperatlon. 

DEBUG 

A haird resser created a pouf 
So high that ¡t looked llke a goof! 

Hesaid, whilea-tugging, 

Madame, I am debugglng I 
Thls artless and curlycued roof!' 


lo detect, lócate and remove niislakes m 
programmes or malfunctions in a Computer. 

DIGRAM PROBABILITY 

The probability of occurrence of a particular 

pair of symbols of an alphabet. 

DIGITAL 

System-one ¡n which variables are repre- 
sented by numbers (in analogue system, 
variables are represented by physical quantl- 
ties). 

DIGITAL COMPUTER 
SeepagelO. 

ELECTRONIC 

Pertaining to the flow of electrons in vacuum, 
gas or semiconductors. Electrons are quantl- 
ties of electrical energy which course from 
point to point in a Computer making its high- 
speed operation possible. 

ENSEMBLE 

Set or collection. The ENSEMBLE of 
messages from a source is the collection of 
possible messages that the source can pro¬ 
duce. 

ENTROPY 

Mathematical function rather than verbal 
description. A measure of the randomness, 
degree of dlsorder or chaos of a system. 

FEEDBACK 

Return of a signal to a controller indicating 
the result of an action taken by that controller 
and used to determine further actions. 

FERRITE CORE 

A minute (approx. 1 mm. diameter) ring of 
magnetic material which may be used to 
store one bit of information in a Computer 
memory. 

FILTER 

A device which transmits or suppresses a 
predetermined part of a signal golng throuqh 

it. 

FINITE STATE MACHINE 
A machine which has only a finlte number of 
States or a finite memory, 

FLOW CHART 

A convenlent diagrammatic method of re¬ 
presenting the relationships among sub- 
routines of a Computer programme so that it 
m¡ght be more easily understood by human 
programmers. 

FORTRAN 

One of the most commonly used Computer 
programming languages. Its ñame is derived 
from FORmulaTRANslation. 









FOURIER ANALYSIS 

Amethodof analysmg any periodicsignal into 
its harmonio cornponents (puré sine waves). 

FREQUENCY 

I ho lepelilion late wliich determines ti te 
pitcfi of a sotinrl. 

FREQUENCY MODULATION (F.M.) 

A method of codmg Information so as to send 
it reliably. The frequency of a carrier signal is 
vanecl by the amplitude of tlie message to be 
transmitted. 

GAME THEORY 

A mathematical process of sefecting an opti- 
mum strategy ¡n the face of an opponent who 
has a strategy of bis own. The forces of 
nature might be the 'opponent' in a planned 
space shot. The strategy to overeóme [hese 
might be' played' on a Computer to ascertain 
an opthmim launch date. 

HARDWARE 

The electronic and mechanical equipment 
comprising a Computer, e.g. logic circuits, 
tapo readers. power supply. 

HEURISTICS 

Techmques by means of whicb the individual 
(or machine) can be equipped to solve 
problems. If the heuristics are applicable, 
they will provide a short cut to the goal. How- 
ever, heuristic methods cannot guarantee a 
solution and may lead to a blind alley. See 
ALGORITHMS. 

HOMEOSTASIS 

The tendeney of an organism-or an organ- 
ism-like machine -to remain in and return to 
somestable State. 

INTERFACE 

An element of a Computer system which 
connects its constituent parts. 

'K' 

In a scientist's jargon a 'K' 

Isathousandof be-what-it-may 
From storage locations 
To eyele durations 
To the size of his annual pay. 

A subfix meaning one thousand. Computer 
storage capacity can be stated in thousands 
of addressable locations, i.e. 64 K. 

LASER 

The líght from the bulb overhead 
Is white and pretty well spread 
But laser-made light 
Won't veer left or right 
lis straight and as thln as a thread. 

(Light Amplification by Stimulated Emission 


of Radiation.) A beam of light whose waves 
are coherenl, differing from ordinary light as 
the effoct of one pebble tossed into water 
differs from the effect of a handful. 

LATENCY 

In psychology, the interval of tinte between 
the presentaron of a stimulus and the res- 
ponseton. 

MACHINE LANGUAGE 
A vocabulary of 'words' meamngful to a 
Computer , strings of blnary digits acceptable 
to and nianipulable by machine circuits. 

MATHEMATICAL MODEL 
Facsímile In mathematical terms: a body of 
mathematical statements describing a 
piocess, parameters. and their relationships 
to one another and to environments; useful 
fot rigorously studying complex relatiori- 
ships. particularly with a Computer. See also 
ANALOGUE. 

MEMORY (OR STORAGE) 

Any device Into which units of Information 
can be copied which will hold this infor- 
mation and from which the ¡nformaíion can 
be obtained at a later time. 

MESSAGE 

Any string of symbols intended for trans- 
mission. 

NANOSECOND 

One thousand mitlionth of a second. Some 
Computer operations are approaching nano- 
second speed. 

NOISE 

Any undesirable signal interfering with the 
transmíssion of a message. Usually random. 

ON LINE 

The property of being connected to a real- 
time system. 

PARAMETER 

A discrete characteristic of a system ; in con- 
junction with others it defines the State of 
the system. 

PROBABILISTIC 

A probabilístic process is one which is only 
statistically predictable. 

PROGRAMME 

A set of instructions either fed to or built into 
a machine which determines how it will 
act, 

PROGRAMMING LANGUAGE 
A language. e.g. ALGOL. FORTRAN, for 
feeding Instructions or programmes into a 
digital Computer. 


RANDOM 

A random process is one whose future is not 
predictable from ¡ts past. 

RANDOM ACCESS 

Storage characteristic in which the time re- 
quired to access the next position from 
which Information is to be obtained is in no 
way dependen! on the position from which 
the piece of information was retí reved. 

REAL-TIME 

Computalion controlling a physica! process 
as n happens. 

REDUNDANCY 

Extra detall in a message which allows it to 
remain understandable in spite of noise and 
interference. 

REGISTER 

In a digital Computer, a special memory unil 
for ternporary storage of Information. 

RELAY 

An electromagnetlc device whereby a small 
electrical signal may switch on and off a 
larger one. 

SAMPLE 

The instantaneous valué of some con- 
tinuously varytng quanfity at a particular 
time. 

SERVOMECHANISM 

An automatic controller which uses in¬ 
formation from its environment to control 
the environment, e.g. a thermostat. 

SIGNAL 

Any MESSAGE or part of a message. 
SIMULATION 

The coach on the blackboard did scrawl 
His trickiest play of the fall 
Though his simulation 
Drew quite an ovation 
The quarterback fumbled the ball I 

The representation of the behaviour of a 
physical system by the execution of a 
Computer programme or some other model. 

SOFTWARE 

The programmes and languages used to 
opérate Computer machinery, 

STATE 

A recognisable condition of a system. 
STATISTICS 

The branclt of mathematics which pre¬ 
scribes the way in which large amounts of 
data may be summarísed to detect averages 
and trends. Thus 'statistical'. 
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SIOCHASTIC 
Random. in whole or part. 

STORAGE 
See MEMORY. 

SUBROUTINE 

A unit of a Computer programme. 

SYMBOL 

Any element of an alphabet. 

TRANSDUCER 

A device which converts energy from one 
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X is always westerly bound 

And the thing about Y 

Is, it points to the sky 
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The Computer 
and music 


Coordínate 

expansión 


Joseph Schillinger 

[Schillinger’sviewsonthemathematical basis 
of various musical styles were formulated 
before digital computers were developed 
(the book was published in 1948), but they 
could be used as a basis for experiment on 
the productlon of music in various hlstorical 
styles generated by a Computer.] 

‘As each coefficient of expansión ¡s applied 
to music. the original ¡s translated into a 
different style, a style often separated by 
centuries. It is sufficient to transíate music 
wrltten in the 18th century by the coefficient 
2 ¡n order to obtain music of greater con- 
slstency than an original of the early 20th 
century style. For example, a higher quality 
Debussy-like music may be derived by 
translation "of Bach or Handel into the 
coefficient 2. 

'The coefficient 3 is characteristic of any 
music based on V2 (i.e. the "diminished 
7th" chord). Any high-quality piece of 
music of the past exhibits, under such pro- 
jection, a greater versatility than any of the 
known samples that would styiistically cor- 
respond to it in the past. For the sake of 
comparing the intuitive patterns with the 
corresponding forms of geometrical pro- 
¡ection, it is advisable to analyse such works 



THE SKYLINE HAS ITS OWN MUSICAL PATTERN TRANSLATED 
FROM SILHOUETTE TO MUSIC NOTES WITH THE HELP OF 

THE SCHILLINGER SYSTEM OF MUSICAL COMPOSITION 

by JOSEPH SCHILLINGER 

A scienbfic opprooch Jo writing music • Now avoilable in Two Vo/umes 

PRICE FOR THE SET: S30.Q0 
PubfiihW by 

CARL FISCHER, lie. 

Boifon • Chicago • Oallai • Loi Angel.».• Now York_ 

i i Póster for The Schillinger System of Musical 
I Composition' (1946). New York Skyline was 

composed as íi piano piece by Huitor Villa-Lobos. \ 

| The System was also used by many other \ 

í composeis, notably by George Gershwin in 
writing Porgy and Bess 


as J. S. Bach's Chromatic Fantasy and of intonation than by the actual quality of 
Fugue. Liszt's B Minor Sonata. L. van the composition. 

Beethoven's Moonlight Sonata, first move- 

ment. [From Schillinger's book, The mathematical 

‘The coefficient 4, being a múltiple of 2, basis of the arts, Phllosophlcal Llbrary, New 
gives too many recurrences of the same York, 1966.] 
pltch-units since it ¡s actually confíned to 
but 3 units ¡n an octave. Naturally, such 
music is thereby deprived of flexibillty. 

'But the 5p expansión is characteristic of 
the modern school which utilizes the 
intervai of the 4th-such as Hlndemith, 

Berg, Krenek, etc. Music corresponding to 
further expansions, such as 7p, has some 
resemblance to the music written by Antón 
von Webern. Drawing comparisons between 
the music of Chopin and Flindemith. under 
the same coefficient of expansión, i.e., either 
by expanding Chopin into the coefficient 6, 
or by contracting Hindemith into the 
coefficient 1, we find that the versatility of 
Chopin is much greater than' that of 
Hindemith, Such a comparison may be made 
between any waltz of Chopin and the waltz 
written by Hindemith from his Piano Suite, 

1922. 

‘Comparative study of music under various 
coefficients of expansión reveáis that often 
we are more ¡mpressed by the raw material 
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Computers and 
music 


Dr J. R. Pierce 

The application of electricity to the produc- 
tion, as contrasted with reproduction, of 
music goes back to the early years of this 
century. when an effort was made to bring 
signáis from a primitive electric organ into 
homes over wires. This project was 
abandoned, partly beoause of the inter- 
ference it caused to the telephone system. 

With the invention of the vacuum tube and 
the development of the Science and art of 
eiectronics, a number of electric musical 
instruments have come, and most of them 
have gone. The Theremin is no longer with 
us and the Novachord has vanished into 
limbo, but there are a surprising number of 
electronic organs in churches and in homes, 
and there have been lively experiments with 
more esoteric instruments. 

Indeed, there are in all countries centres of 
electronic musical art, in which the squawks, 
squeals, and other outputs of electronic 
apparatus are mixed with reversed. speeded- 
up and otherwise processed natural sound, 
which are the basis of musique concréte. 

The proponents of electronic music have 
found themselves plagued with two chief 
problems. One of these has been the terribly 
time-consuming process of setting up 
equipment that generates or processes 
electronic sound and the hours spent 
adjusting and using the equipment and in 
piecing bits of tape together to achieve an 
over-all result. The other limitation has been 
one of variety of sound. However strange 
electronic music may sound, it seldom 
sounds anything but electronic. 

A great deai of skill, on the part both of 
instrument-makers and of composers. has 
gone into making conventional instruments 
and ensembles produce extremely various 
sounds. Still, the writer of music for con¬ 
ventional instruments is limited to the sounds 
which conventional instruments can be 
made to produce. Another limitation which 
plagues the composer for conventional 
instruments is his rebanee on the skill of the 
performer in executing his intentions. Haydn 
had instruments and an orchestra at his beck 
and cali, but today's composer must often 
wait a considerable time for an experimental 
verification of the effect he conceives and 
intends. 

As long as the maker of electronic music 
simply creates new but limited instruments, 
he suffers the limitations of all particular 
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instruments. whether they be mechanical or 
electronic. He may or may not rely on a per- 
forming artist, accordíng to the techniques 
he uses, but he certainly has not escaped 
challenges of manual skill and dexterity. A 
partial escape is illustrated by the RCA music 
synthesiser, now in use by Milton Babbit 
and others at the Columbia-Princeton 
Electronic Music Center, which can be con- 
trolled by a punched tape. 

The coming of the digital Computer has, in 
principie, changed the sltuation. In 1936 
the English logician, Turing, showed that a 
certain rudimentary type of Computer, which 
we cali a Turing machine, can compute any 
computable number. In simpler words, this 
means that a Turing machine can carry out 
any numerical process that one can specify 
explicitly. While modern digital computers 
are not Turing machines and have limitations 
which the idealizad Turing machine, with its 
infinite memory, does not have. they are 
much more flexible and capable in a practical 
way than the machines Turing envisaged. In 
a very real sense, electronic computers are 
universal machines which can do anything 
that any machine can do. Limitations lie in 
the insight and skill of the programmer, not 
in the digital Computer itself. 

Digital computers produce numbers, not 
sounds. However, information theory, which 
C. E. Shannon launched on its course in 
1948. tells us, even in its most elementary 
aspeets, that the world of messages is a 
universal world. amenable to numerical re¬ 
presentaron and interpretation. The electric 
wave which, by means of a microphone or a 
pickup, goes from an instrument or a record- 
ing into the speaker of a high-quality sound 
system can be specified with complete 
accuracy as a sequence of numbers. These 
numbers specify the amplitude of the wave 
at regularly spaced instants of time. 

The number of numbers required persecond 
is twice the bandwidth of the sound. or about 
20.000 numbers per second for high-quality 
music. Furthermore, the numbers themselves 
need not be infinitely áccurate, for the ear 
cannot detect small errors in amplitude. 
Thus, 20,000 three-digit numbers a second 
can describe not only any music that has 
ever been played, but any music that ever 
could be played, ¡f only we are able to 
choose the right numbers. 

Here is a powerful resource. A digital Com¬ 
puter as a source of a sequence of numbers, 
together with not very compiicated equip¬ 
ment for turning this sequence of numbers 
into an electric wave that can drive a loud- 
speaker, is truly the universal musical in- 
strument-the instrument which can, in 
principie, create any sound that can be 
created, any sound that can be heard by the 
ear. A composer equipped with a digital 
Computer has no limitations except his own. 


Over the past few years, workers at both 
tire Massachusetts Insíitute of Technology 
and the Bell Telephone Laboratories have 
been experimenting with the digital Com¬ 
puter as a source of musical sound. More 
recently, this work has been extended to 
Princeton University, and similar work is 
being carried on at the Argonne National 
Laboratory. Related studíes of the analysis 
and synthesis of conventional musical 
sounds are being carried out at Yale. 

What are the results? They are surprising 
and promising in some ways and discourag¬ 
ing in others. One discouraging aspect is 
that even the IBM 7094, which is a very fast 
Computer, takes about five seconds to pro¬ 
duce one sound of music. Time on the 7094 
costs several hundred dollars an hour. This 
is a limitation that will be overeóme as com¬ 
puters become faster and more economical. 

The other discouraging aspect is that, while 
the sounds produced are often wild and 
weird, they lack the richness which we are 
accustomed to hear in conventional in¬ 
struments, and more especially in large en¬ 
sembles of instruments. Something is mis- 
sing and, while we can guess at its nature, 
we cannot point to it in a precise and 
quantitative enough way so that we can 
tell the Computer to produce the effect we 
seek. 

Helmholtz made great strides in musical 
acoustics in the 19th century, but the Science 
has not progressed at the same rapid pace as 
others. The user of a Computer is free to 
specify the wave form or frequeney contení 
of the sound he produces; he can make these 
random or regular in any degree; he can in¬ 
troduce regular or random vibrato. He can 
control the 'attack' and the duration of the 
notes. But, unlike the composer who has 
used a symphony orchestra as one litige ¡n- 
strument. he has neither years of tradition 
ñor the skill of instrumentalists to rely on. 

A little experimentaron shows clearly that, 
while the harmonio content or frequeney 
spectrum of the note has a strong influence 
on its quality, the attack has an even stronger 
influence. A rapid rise and gradual fall gives 
a plucked quality to a sound. A modérate 
rise, a sustained sound, and a modérate fall 
simulates a woodwind quality. A vibrato en- 
hances the musicahty of the sound. How¬ 
ever, many things escape us. The brazen 
summoning of the trumpet is not easily 
ovoked. Massed strings or volees must gain 
their effect through some degree of random- 
ness in pitch or in attack. Yet, introducing 
randomness into Computer music in simple 
ways makes it sound merely wobbly or 
noisy, rather than rich. 

in all, the user of the Computer is in some- 
what the posilion of a musically talcnted 
savage when confronted with a grand piano. 
Certainly, wonderful things can come out of 











th¡s box. but how is one to bring this about? 
Tuition, intuition and practice are required, 
bui ibero ¡s no teacher and no one to guide 
the practice. 

We are faced with an ¡ntriguing challenge. 
In principie, the Computer can become tlie 
universal musical instrumenl. AH thai stands 
between us and all that was previously un- 
attainable is an adequate grasp, scionttfic 
and ¡ntuitional, of the relevant knowledge of 
psychoacoustics. Botli by experimentation. 
and by careful measurement and analysis of 
musical sounds, we must find among the 
bewlldermg complexity of theworldof sound 
what factors. what parameters are importan!, 
and in what degree. in achieving the effecls 
at which yye aim: all the variations of sound 
tliat we hear from a skilled instrumentalist, 
all the characteristic sounds of instruments. 
tito tich niassetl sound of Ihe orchestra, and 
everylhing that can possibly lie beyond these 
familiar elements of music. 


Extract from notes 
on 'Mikrophonie I" 


Karlheinz Stockhausen 

[While he is very interested in indeterminate 
and aleatory methods of composition, Stock¬ 
hausen does not use computers. Neverthe- 
less. his recent compositions show analogies 
to Computer methods, in the way that 
different systems reacttoeach other, enhance 
each other, and cancel each other out.] 

It was on the basis of this experiment that 
Mikrophonie / was composed. With various 
materials, two players excite the tamtam; 
two other players pick up the vlbrations with 
directlonal microphones. Distance between 
the mlcrophone and tamtam (which in- 
fluences the dynamics and timbre), relative 
distance between the mlcrophone and the 
point of excitation on the tamtam (influenc- 
ing pitch, jimbre, and above all determinlng 
the spatial impression of the sound, ranging 
between dlstant, echoing and extremely 
cióse), and rhythni of microphone move- 
ment are prescrlbed in an appropriate 
notation. Each of two more players activates 
an electronic fllter and potentlometer. They 
again shape the timbre and pitch (through 
a combination of filter adjustment and 
volunte control) and the rhythm of the 
structures (through the metrically notated 
alteration of both instrument settlngs). 


Men who are scientists or englneers only 
will never solve this problem. Its solution can 
como only through co-operation between 
those who understand something of the 
mechanisin of hearlng and psychoacoustics 
those who understand the usé of computers, 
and those who have real musical talent and 
creativity. Here is a chance for fruitful co- 
operation between Science and the arts, 
ratlter tlian the phoney invocation of 
scientific formulae and jargon which so 
often satisfies artists in the present. 

It is heartenlng to know that the work at 
Prlnceton and at MIT Is carried out in the 
departments of music by people who are 
musicians and who are knowledgeable about 
computers, and who have the full co- 
operation of computer-oriented people. It ¡s 
also heartening to know that the Computer 
sludy oí tho analysis and synthesis of 
musical sounds which is being carried out 
at Yate is supported by a grant from the 


In this way, three independent, ¡nteracting, 
yet, at the same time, autonomous sound- 
structuring processes are bound together. 
These were then composed to function 
synchronously or independently, homo- 
phonically or as polyphony of up to six 
Parts. 

The score consists of thirty-three in¬ 
dependent musical structures which may be 
combined for a given performance by means 
of a prescribed ‘connection scheme'. This 
scheme determines the reíationships be¬ 
tween the structures. There are two groups 
of players; three musicians (one tamtam 
player, one mlcrophonist and one filter and 
potentlometer player) form a group, and at 
a given time play one of the thirty-three 
structures. At a particular point, they give 
the cue for the second group to begin with 
the next structure. After a specific interval of 
time the second group returns the cue for 
the first group to begin with the next struc¬ 
ture, and so forth. The reíationships between 
structures are determined in three ways: 1) 
with respect to a given structure, the ensuing 
one is either similar, different, or contrary; 2) 
this relationship either remains constant, in¬ 
creases, or decreases; 3) the ensuing struc¬ 
ture (which usually begins before the end of 
the given structure) either supports. is 
neutral to, or destroys that structure. 

Thus, the connection scheme' determines 
three reíationships for every connection 
between two structures. For example, a 
structure may be followed by one that is 
similar lo it, and whose relationship remains 
constant, and that supports it; or a structure 
may be followed by one that it is contrary to 
it andincreasing/y destroys it; or by one that 


National Science Foundation. 

The worry which is perpetually raised 
about the status and support of the arts in 
°ur society seems. in this ¡nstanee. to be met 
in an unexpecled way. It good art can 
embody a valid contribution to good Science, 
as it can in the relation between music and 
psychoacoustics (and also, for that matter, 
in the relation between music and architec- 
tural acoustics), then art can validly share, 
not only the fruits of Science, but ihe sup¬ 
port which society so rightly gives to Science, 
for the practical contributíons that Science 
makestoourwelfareaswellasthe intellectual 
and philosophical valué of Science itself. 

[This article first appeared in New Scientist 
oí 18/2/65. No. 431.| 


is different and becomes decreasing/y 
neutral, etc. Accordíng to these criteria, the 
musicians choose the order of the struc¬ 
tures, which are themselves composed in 
respect to these same characteristics. A¡- 
though the reíationships (between struc¬ 
tures) composed into the 'connection 
scheme remain fixed for all versions (in 
order to guarantee a strong and directional 
form), the order of structures may vary con- 
siderably from versión to versión. 
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Composition with 
computers 

Herbert Brün 

During several years of experimental re- 
search in computer-assisted musical com¬ 
position many problems have been solved 
and new problems dlscovered. The general 
approach to the field under investigation 
may grossly be described as following three 
modes: 

1. Structural analysls and synthesis of com- 
positional logistics and loglcs and their re* 
duction to, or expansión into, Computer 
programmes. 

2. Anaiysis and synthesis of acoustical 
phenomena and their controlied and record- 
ed production by a combination of A/D and 
D/A conversions processed and executed in 
Computer systems, 

3. Attempts at an evaluation and the appli- 
cation of thoughts and ideas with regard to 
musical aesthetics and forms created by the 
confrontation of the composer with techno- 
logicalconditions. 

At various stages of this project the infor- 
mation already gained by that time was 
appüed to specific purposes. The results are 
musical scores to be performed by musicians, 
tapes containing synthetic sound, and addi- 
tions to the academic curriculum in musical 
education. Every one of these results re- 
flects on and illustrates the State of work in 
progress on any one or all of the modes of 
investigation mentioned above. 


tape is the result of extensive modifications 
on the CSX-1 sound, achíeved with the ana- 
logue equipment of the Experimental Music 
Studio. 

The composition and programming of this 
work represent an attempt at coming to 
musical terms with two possíbilities first 
offered to the composer by the Computer: 

(а) random sequential choices channeled 
and filtered under the control of form- 
generating restrictive rules: this process 
created the shape. density-fluctuations and 
parameter-details of the instrumental sec- 
tions. 

(б) the transformation of speed of sound 
sequences into colour and timbre of sound: 
this method was used for the production of 
the tapesections. 
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Instructions to the performer and a part of the score 
from Herbert Brün's Stalks and trees and drops 
and clouds (1967). The complete score consists 
of 31 pages, and would last about minutes 
in performance. It was composed on an IBM 
7094 Computer. 

The 'notation' in the scores makes use of a 
selected set of symbols provided by the 
Calcomp Library in the installed System. The 
'tanguage’ consists in the distributton. síze. and 
position of symbols on the page, in various 
modes of connectivity between the symbols. and 
a few rules prefacing each piece. The 
'language' aims at eliciting from the musician a 
'musical' stimulus response, which combines 
instrumental action and coherent ¡nterpretation. 
With the help of faculty and students of the 
Departments of Computer Science, the composer 
is now developing a system of symbols 
specifically designed for musical reguirements and 
to be ¡ncorporated into the Calcomp Library. 














Extraéis from: 
Computer music 
experiences 1961-4 

James Tenney 

l arrived at tho Bell Telephone Laboratories 
in September, 1961, witti the following 
musical and intellectual baggage; 

1 . Numerous instrumental compositions 
refiecting the influenco of Webern and 
Várese; 

2, Two tape-pieces, produced in the 
Electronic Music Laboratory at the University 
of Illinois—both employing familiar, 'con¬ 
crete' sounds, modified in various ways; 

3. A iong paper (Meta Hodos, a pheno- 
menology of 20th century music and an 
approach to the study of form. June, 1961), 
in which a descriptive terminology and cer- 
tain structura! principies were developed. 
borrowing heavíly from Gestalt psychology. 
The central point of the paper involves the 
c/ang. or primary aural Gestalt, and basic 
laws of perceptual organization of clangs, 
clang-elements. and sequences (a higher- 
order Gestalt-unit consisting of several 
clangs); 

4, A dissatisfaction with all purely synthetic 
electronic music that I had heard up to that 
time, particularly with respectto timbre; 

5, Ideas stemming from my studies of 

acoustics.electronicsand-especially-infor- 

mation theory, begun in Hiller s classes at 
the University of Illinois; and finaliy 

6 . A growing interest in the work and 
ideas of John Csge, 

I leave in March, 1964, with: 

1. Six tape-compositions of computer- 
generated sounds—of which all but the first 
were also composed by means of the Com¬ 
puter, and several instrumental pieces whose 
composition involved the Computer in one 
way oranother; 

2. A far better understanding of the physi- 
cal basis of timbre, and a sense of having 


Computer music 


Lejaren A. Hiller, Jr. 



Graphic description ol the 
most importan! variable 
parameters used in the piece 
Phases by James Tenney 
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achieved a significan! extensión of the range 
of timbres possible by synthetic means; 

3. A curious history of renunciations of 
one after another of the tradítionai attitudes 
about music, due primarily to a gradually 
more thorough assimilation of the insights of 
of John Cage. 

In my two-and-a-half years here I have 
begun many more compositions than 1 have 
compieted. asked more questions than i 
could find answers for, and perhaps failed 
more often than I have succeeded. But I 
think it could not have been much different. 
The médium is new and requires new ways 
of thinking and feeling, Two years are hardly 
enough to have become thoroughly accli- 
matized to it, but the process has at least 
been begun. 

Noise study 

From this image, then, of traffic noises-and 
especially those heard In the tunnel, where 
the overall sonority is richer, denser, and the 
changes are mostiy very gradual-l began to 
conceive a musical composition that not 
oniy used sound elements similar to these, 
but manifested similarly gradual changes in 
sonority. I thought also of the sound of the 
ocean surf-in many ways like tunnel 
traffic sounds-and some of the qualities of 
this did ultimately manifest themselves in 


the Noise study. I did not want the quasi- 
periodic nature of the sea-sounds in the 
piece, however, and this was carefully 
avoided in the composition process. Instead, 

I wanted the aperiodic, 'asymmetrical' kind 
of rhythmic flow that was characteristic of 
the traffic sounds. 

The actual realization of this image in the 
Noise study took place in three stages; 
first. an 'instrument' was designed that 
would generate bands of noise, with appro 
priate Controls over the parameters whose 
evolution seemed the most essential to the 
sonoríties I had heard; second, the large- 
scale from the piece was sketched out, in 
terms of changing mean-values and tanges 
of each of the variable parameters; third, the 
details-the actual note-values in each para- 
me ter-were determined by various methods 
of random number selection, 'scaled’ and/or 
normalized in such a way that the note- 
values fell withln the 'areas' outlined in step 
two; fourth. these note-values, in numérica! 
form, were used as the input 'score' for the 
music programme, containing the 'Instru¬ 
ments' designed in the first step, anda digital 
tape was generated and converted into 
analogue form; fifth, this tape was mixed 
with the same tape re-recorded at one-half 
anddoublespeeds. 


Can a Computer be used to compose a sym- 
phony? As one who has been engaged in 
programming a targe digital Computer to pro¬ 
duce original musical compositions, I can 
testify that the very idea excites incredulity 
and indignaron in many quarters. Such re$- 
ponse in part reflects the extreme view of the 
nineteenth-century romantic tradition that 
regards music as direct communication of 
emotion from composer to listener-'from 
heart to lieart,' as Wagner said. In deference 


to this view it must be conceded that we do 
not yet understand the subjective aspect of 
musical communication wetl enough to 
study it in precise terms. The appreciation of 
music involves not only psychological needs 
and responses but meanings imported into 
the musical experience by reference to its 
cultural context. On the other hand, music 
does have its objective side. This can be de- 
fined as existing in the score as such, quite 
apart from the composer and the listener. The 
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Rjght. One oí the vvays oí producing random music, 
from an article by Lejaren A. Hitler in Saentific 
American, December 1959. The ink spattering 
of {bis ex3mplo is a phystcal approximation to 
the random number devices used by a Computer. 


Below, Uejaren A. Hiller 




information encoded there reíales to such 
quantitative entities as pitch and time, and is 
t!¡orefore accessible to rational and ultimately 
mathematical analysis. 

In recent years the 'physics of music' has 
disclosed much that is mathematical in 
music. 11 reveáis how sound waves are f ormed 
and propagated. how strings. membranes 
and air columns víbrate and how timbre 
depends upon complex wave-structure; it 
has provided universa! standards of fre- 
quency and iníensity, and clarified the 
rationale of musical scales. In its most com- 
pact form, acoustics reduces the definition of 
musical sound to a plot of wave-form ampli- 
tude versus time. The groove of a phono- 
graph record, for example. contains only 
this information and yet yields a believabie re- 
construction of an original musical sound. 

Acoustics. however. deais primariiy with 
isolated elements of music and has thus far 
said reiatively little about how tiiese eiements 
may be combined in a musical composition. 
Musicians have devised various nonmathe- 
matical Systems for analysing the structure of 
composítions. More recently tlrey have begun 
to draw upon a new hranch of applied 
mathematics known as information tlieory as 
a means of clarifying this aspect of musical 
communication. 

Information tlieory relates the 'information 
content' of a sequence of symbols (be tliey 
letters of the alphabet or musical notes) to 
the number of possible choices among the 
symbols. Information content thus resembles 
entropy or the degree of disorder in a physical 
System. The most random sequence has the 
highest information content; the least ran- 
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dom (or most redundant) has the lowest. The 
apparent paradox in this statement derives 
from the definition given the term Informa¬ 
tion' in the theory. As Warren Weaver has 
observed, the term 'relates not so much to 
what you do say as to what you could say' 
(see 'The Mathematics of Communication,' 
by Warren Weaver, Scientific American. 
July, 1949). Information in this sense is not 
the samo thing as meaning, and information 
theory is concerned more with the reliability 
of communication Systems than it is with 
problems of meaning. Thus, it can be seen, 
the general enquiry into communication is 
confronted with the same dualistic question 
of form and meaning that faces the study of 
musical communication. 

Music. sometimos defined as a compromise 
between chaos and monotony. appears to the 
information theorist as an ordered disorder 
lying somewhere between complete ran- 
domness and complete redundancy. This 
viewpoint accords well with much of tradi- 
tíonal musical aesiheíics. As early as the 
fourth century B.C. the Greek writer Ari- 
stoxenus noted that the voice...does not 
place the (musical) intervals at random ,. 
for it is not every collocation but only certain 
collocations...that distinguish the melo- 
dious from the unmelodious.' The composer, 
employing what Stravinskv has called 'the 
great technique of selection,' introduces re¬ 
dundancy into his reiatively random materials 
in order to organize íhem into a 'meaningful' 
pattern. 

To be sure, meaning is as dífferent to define 
in music as it is in every other kínd of com¬ 
munication. But musical sounds are not, as 


words are, primariiy symbols of somethmg 
else; the meaning of music is peculiarly de- 
pendent upon its own structures as such. 
The study of musical structures by informa¬ 
tion theory should open the way to a deeper 
understanding of Ihe aesthetic basis of com¬ 
position. We may be able to respond to 
Stravinsky's ¡njunction and cease 'tormenting 
(the composer) with the w/jyinstead of seek- 
ing for itself the how and thus establish the 
reasons for his failure or success'. 

From the analyticalstandpoint, the aesthetic 
content of music can be treated in terms of 
fluctuations between the two extremes of 
total randomness and total redundancy. The 
signiíicant fluctuations manifest tliemseives 
not only between one composition and 
another but also among elements or sections 
of the same composition. 

Structural devices characlerising various 
histórica! styles 

The stylistic device of modulation (key- 
shift) shows a fairly steady decreaso in re¬ 
dundancy over the pasí 200 years, Mozart 
employed a Iirnited number of rather stan- 
dardized modulations. In Chopin and Brahms 
tiie modulations are more extreme and occur 
more frequently and less predíctably. Wagner 
and Debussy modulate so freeiy tiint the 
listener often loses any immediate and un- 
equivoca! sense of key. Many modero com- 
posers have abandoned the concepts of key 
and modulation altogether and in this dimen¬ 
sión approach complete randomness. 

By standards such as these it is possible, at 
least in theory, to construct tables of proba- 
büities describing a musical style. such as 



















































Block diagram for chromatic 
vvíiting. used ¡n section 3 
of Hliac suite for string 
quartet. composed in 1957 
by I cíj.irtm A. Hiller iind 
Leonard M. Isaac son un the 
tLUAC computef. 



Baroque, Classica! of Romantic. and perhaps 
even the style of an individual composer. 
Given such tables, one couid then reverse 
the process and compose music in a given 
style. The task of composition would start 
from the random condition with choices 
among musical elements all equally probable. 
The introduction of redundancy in accord- 
ance with a particular scheme of probabili- 
ties would extract order from chaos. It ¡s not 
to be thought, however, that order is the solé 
criterion of beauty; as the musicologist 
Leonard B. Meyer has observed. 'Some of 
the greatest music is great precisely because 
the composer has not feared to let his music 
tremble on the brink of chaos.' 

Series of short quotations about techniques 
used in the composition of'Computer Can¬ 
tata'. 


'The concept of mathematicaíly programmed 
music easily leads to the notion of com¬ 
position by Computer. In 1955 Leonard M. 
Isaacson and I began a series of experiments 
in composition with ILLIAC, the high-speed 
digital Computer at the University of Illinois. 
In due course we completed four groups of 
experiments, the results of which we have 
sampled, in the Hliac suite for string 
quartet. 

'As our first step we set the Computer to 
composing simple melodies. To this end we 
programmed the machine to generate ran¬ 
dom ¡ntegers by a technique borrowed from 
the "Monte Cario" method, which phy- 
sicists have devised to solve certain problems 
involving múltiple probabilities. 

'For our second experiment we devised 
additional screening instructions embodying 
the entire set of fourteen rules of strict first- 


species counterpoint. The machine was 
first set to turning out random "white-note" 
music in four voices; randomness was then 
made to yieid to redundancy in small incre- 
ments by feeding in the screening instruc¬ 
tions one by one. The complete set of 
instructions yielded counterpoint of fair 
quality, strongly reminiscent, if one ignores a 
certain monotony in rhythm. of passages 
from Palestrina. 

'In Experiment III we sought to find ways 
of producing the rhythmic and dynamic 
variety that the earlier compositions lacked 
'Since the object was to produce a type of 
music less imitative than strict counterpoint, 
the machine was first permitted to write en- 
tirely random chromatic music (including all 
sharps and fíats). The result was music of the 
highest possible entropy content in terms of 
note solection on the chromatic scale. and 
thus it was strongly dissonant. With the mira 
mal redundancy imposed by feeding in only 
four of the fourteen screening instructions. 
the character of the composition changed 
drastically. While the wholly random sections 
resembled the more extreme efforts of avant- 
garde modern composers, the later, more re- 
dundant portions recalled passages from, 
say, a Bartok string quartet. The experiment 
concluded with some exploratory studies in 
Schoenberg's twelve-tone technique and 
similar compositional devices. 

'In Experiment IV the objective was the 
synthesis of music from purely mathematical 
rules-a style of composition peculiarly ap- 
propriate to a Computer. To this end the Com¬ 
puter was programmed to seSect the intervals 
between successive notes according to a 
table of probabilities instead of at random. 
Moreover, the probabilities themselves were 
made to shift in accordance with so-called 
Markoff probabílity chains.' 

[Extracts from Scientific American , 
December, 1959. 

Mathematical basis of music, information 
theory, use of computers in composition.] 




















Extract from 
'A year from 
monday' 

John Cage 


Part of John Cago's score o( Fontana Mix {Milán, 
Novernber 1958). showing the way the score is 
¡ntended to be used. This score also provídes the 
material fot olher campositions by tire composer. 
nomely Water Walk (1959), Souncis oí Ventee 
(1959). Aria for M.Sop. (1958). Theatre Piece 
(1960) and WBAL {1960). This score was siso 
used by Cornelius Cardew as the basis of a guita! 
solo. 
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10 Srarrspareirl sheets with points: 10 drawings 
having slx differentiated cutved linos: a gtaph 
(having 100 units horizontally. 20 vertically); and a 
straight line, the last lwo on transparent material. 
Place a sheet with points over a drawing with 
curves (in any posítion). over these place the 
graph, use the straight line to connect o point 
within the graph with one outsíde. 

Measuremonts horizontally on the íop and bottonr 
lines of the graph. with respect to the straight 


[Cage's ¡deas llave ¡nfluenced experimental 
music very considerable although he has 
only recently produced computer-generated 
music himself. Cage studied with Schoen- 
berg. who commented that he was: 'not so 
much a composer as an experimenter, but an 
experimenter of ganius'.] 

Diary: Audience 1966 

1. Are we an audience for Computer art ? 
The answer's not No; it’s Yes. What we need 
is a Computer that isn't labour-saving but 
whteh increases the work for us to do. that 
puns (tliis is McLuhan's idea) as well as 
Joyce revealíng bridges (this is Srown's 
idea) where we thouglit there waren't any, 
turns us (my idea) not on" but into artísts. 
Orthodox seating arrangement ¡n syna- 
gogues. Indians have known it for ages: 
life's a dance, a play. ¡Ilusión. Lila. Maya. 
Twentieth-century art’s opened our eyes. 
Now music's opened our ears. Theatre ? Just 
notice what’s around. (If what you want in 
India is an audience. Gita Sarabhai told me. 
all you need is one or two people. 2. He said : 
Listening to your music í find it provokes me. 
What should I do to enjoy it ? Answer: There 
are many ways to help you. I d give you a 
lift, for ¡nstance, ¡f you were going in my 
direction, but the last thing l'd do would be 
to tell you how to use your own aesthetic 
faculties. (You see? We're unemployed, If 
not yet. 'soori again "twill be". We have 
nothing to do. So what shall we do ? Sit ¡n an 
audience? Write criticism? Be Creative?) 
We used to have the artist up on a pedestal. 
Now lie's no more exlraordinary than we are. 
3. Nolice audiences at high altitudes and 
audiences in northern countries tend to be 
attentive duríng performances while audi¬ 
ences at sea level or in warm countries voice 
their feelings whenever they have them. Are 
we, so to speak. south in !he way we 
experience art? Audience participation ? 
(Having nothing to do. we do it nonetheless ; 



our biggest problem is finding scraps of time 
in whiclr to get it done. Discovery. Aware- 
ness.) 'Leave the beaten track. You'll see 
something never seen before.' Añer the first 
performance of my piece for twelve radios, 
Virgit Thomson said. 'You can't do that son 
of thing and expect people to pay for it.' 
Separation. 4. When our time was given lo 
physical labour, we needed a stiff upper lip 
and back-bone. Now fhat we’re changing 
24 
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line. Give a 'lime bracket' {lime wlthin wliich rhe 
ovem may take place) (graph un¡ts=-time units). 
Measurements vettlcally un llie graph vviih respect 
lo the ¡ntersections ol ihe curved Unes and the 
straight line may spoclfy actions lo be made. Thus, 
in the case of {Fontana Mix) tape music. the 
(hickest curved line may give sound scurce(s) 
wheie the fattei llave hetat calegotbed and related 
quanlitativoly to 20. {tn tías case, the 2 points 
connected by the straight lina rnust permit the latter 

5 


to ¡ntersect the thickest curved line.) Intersections 
of the other Unes may specify machines (among 
tiloso available) for the alteration of original material. 
Amplitude frequency, overtone structure may be 
changed. loops and spocific durations rntroduced. 
Measurements ruado may provide ono of a nombra 
of parts to be pcrformed alone or togother. 

In rnaking tape music, available tracks may be less 
in nutnber tiran the time hrackets given hy 
measurements. Fiagmontation ¡s then indicated. 


The use of this material is no! limlted to tape music 
but may be used freely for instrumental, vocal 
and theatrical purposes. Thus, after a programme of 
actlon fias been made fronr ¡i, it may be used 
to specify a programme for the performance of the 
otherwiso unchanging material. Where possible 
technically tfiis can be not only simple changes of 
time (starlmg, stopplng) but also alterations of 
frequency. amplitude, use of filters and dislnbution 
of tlie sound in space. 



John Cage Fontana Mix Use 

1. sheet with curved lines only 

2. sheet with dots only 

3. graph only 

4. straight line only 

5. superimposed sheet with straight line added 
as shovvn 


our minds, ¡ntent on things invisible, in¬ 
audible, we have other spineless vlrtues: 
Flexlbility, fluency. Dreams, daily events, 
everything gets to and through us. (Art, 
if you want a defínltion o# it. is criminal 
action. It conforms to no rules. Not even its 
own. Anyone who experiences a work of 
art ¡s as guilty as the artist. It ¡s not a question 
of sharing the guilt. Each one of us gets ali 
of it.) They asked me about theatres in New 
York. I said we could use them. They should 
be small for the audiences, the performing 
areas large and spacious, equipped for tele¬ 
visión broadcast for those who prefer stay- 
ing at home. There should be a café in 
connection having food and drink, no music, 
facilities for playing chess. 5. What happened 
at Rochester ? We'd no sooner begun playing 
than the audience began. Began what? 
Costumes. Food. Rolis of toilet paper pro- 
jected in streamers from the balcony through 
the atr. Programmes. too. folded, then flown. 
Music. perambulations, conversations. 
Began festivities. An audience can sil 
quietly or make noises. People can whisper, 
talk and even shout. An audience can sit sti/l 
or it can get up and niove around. People are 
people not plants. Do you love the audi- 


ence ? Certainly we do. We show it by get- 
ting out of their way. (Art and money are in 
this world together, and they need each 
other to keep on going. Perhaps they're both 
on their way out. Money'll become a credit 
card without a monthly bilí. What'll art be- 
come? A family reunión? If so, let's have it 
with people in the round, each individual 
free to lend his attention wherever he will. 
Meeting house.) 6. After an Oriental 
decade, a Tibetan Rikku returned to Toronto 
to teach. He told me that were he to speak 
the truth his audience would drop to six. 
instead he gives lectures transmitting not 
the spirit but the undersfandable letter. Two 
hundred people listen on each occasion, all 
of them deeply moved. (Art's a way we have 
for throwing out ideas-ones we've picked 
up in or out of our heads. What's marvellous 
is that as we throw them out-these ideas- 
they generate others, ones that weren't even 
in our heads to begin with.) Charles Ives had 
this idea: the audience is any one of us. just 
a human being. He sits in a rocking chair 
on the verandah. Looking out toward the 
mountains. he sees the setting sun and liears 
his own symphony: it’s nothing but the 
sounds happening ín the air around him. 




Part of a letter written by John Cage in 1964 on 
Charles Ives. 
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The Computer 
in musical 
composition 

Gerald Strang 

'The Computer is extraordinaria fast and 
extraordinariaaccurate. butitisa/so exceed- 
ingly stupid and therefore it has to be told 
everything.' 

Ihere are two main aspects to Computer ex¬ 
perimentaron in musical composition. One 
is the use of the Computer to aid the com- 
poser in the production of a score. The other 
is the use of the Computer to generate actual 
sounds. 

The production ofa musical score 
For the first aspect. the centre of principal 
investigaron today is at the University of 
Illinois. It began with Hiller and Isaacson's 
work in 1966 and 1966, which produced a 
piece called the llliac suite. Hiller and his 
colleagues have continued their investigaron 
and recently put out another Computer work 
called the Computer cantata. 

Fssentially their composing programme is a 
system allowing the Computer to rrtake some 
of the choices which a composer has to make. 
They have experimented with random pro- 
cesses. probability tables, etc., and have 
codified the whole procedure into a pro¬ 
gramme which they cali (with a typical pro- 
grammers' acronym) MUSICOMP. The pro¬ 
gramme is essentially a way of simplifying 
the process by which a composer may specify 
what choices the Computer may make on his 
behalf. 

The Illinois investigations have dealt with 
producing Computer output which could 
then be transcribed into musical notation 
and performed by musical instruments. 
Recently they have developed an experi¬ 
mental Computer called the CSX1 which 
can convert digital output to give sound of a 
lirnited v3fiety. But for the most part, they 
have not investigated this phase of the 
process. 

The production of actual sounds 
Many people prefer to do their own compos¬ 
ing and make their own dioicos. However. in 
the generation of the actual sounds chosen, 
there aro a great many detailcd tasks for 
which the Computer is a well-gualified assis- 
tant. The Computer can, of course, do repeti- 
tive tasks with great ease and with great 
speed ; and the sound of music is essentially 
repetitive. We deal with cycllc repetitions of 
sound waves, which may range anywhere 
from say 20 cycles per second to say 15,000 
26 


cycles per second. 

The calculation and executlon of such re¬ 
petitive patterns is made to order for the Com¬ 
puter. The Computer can also do many other 
types of manipulation with great ease. It can, 
for instance, elabórate a pattern of accom- 
panlment. Glven certain parameters it can 
then adapt such a pattern to various keys, 
various harmonies. etc. 

The sound-producing programme started 
with the work of Max Mathews at Bell Tele- 
phone Laboratories aboutfouryears ago. The 
first public output of this was in the Form of 
a record called Music from Mathematics. 
Here the samples were mainly the work of 
engineers, and composers naturally are in- 
terested in doing rather dlfferent things than 
engineers. The BTL Programme is now in its 
fourth versión; there is even a programmer's 
manual for 'Music IV’, 

Instruments 

The composer who wants to use this pro¬ 
gramme invents certain types of Computer 
operations which are called 'instruments.' For 
this purpose, Mathews has deslgned a group 
of unit generators which are similar to the 
unit generators of an electronlcs laboratory. 
There are filters, envelope generators, 
shapers, oscillators, etc. These unlts can be 
iinked together, as in electronic Circuit build- 
ing. In fact. experlmentation with simulated 
electronic circuits undoubtedly affected the 
development of this system. 

An instrumental Circuit of almost any degree 
of complexity can be drawn ; ¡t will provide 
almost any sort of sound manipulation 
desired. It corresponds to an instrument. in 
that its subroutine is one through which data 
is passed and from which it acquires certain 
characteristics. But this is exactly what a 
musical instrument does. lf I write a series of 
notes and I say this passage is to be playod 
mezzo forte by the oboe, with certain par¬ 
ticular kinds of attacks and certain phrasing 
patterns and certain expressive devices, I am 
really saying that certain raw data sliall be 
processed and modlfied by passing through 
this Instrument, coming out as acoustical 
sound waves. 

Orchestra 

Under the BTL Programme. once the com¬ 
poser has designed his Instruments, he can 
specify that these shall form an orchestra. 
This then ¡s compilod by the Computer 
through the use of an elabórate set of Instruc- 
lions which form the compiling programme. 

At this point a blnary deck comes out which 
can be put into the final operation. Mean- 
while the composer writes a score expressing 
his cholees ¡n musical composition with his 
computer-simulated 'orchestra'. The score 
needs to be presented ¡n numerical form. 
Moreover, the Computer isextraordlnarily fast 


and extraordinarity accurate. bul it is also ex- 
ceedingly stupid and therefore it has to he 
told everything. You cannol assume that it is 
going to decide what kind of 'tonguing' or 
'bowing' to use, or what interpretive charac¬ 
teristics are to be selected. So the composer 
specifies different kinds of data. On the other 
hand, his instruments can be so designed that 
a single instrument routine can produce a 
number of different kinds of tone quality and 
any number of different kinds of attack and 
decay pattern. These timbres, attack and 
decay patterns and the llke, can also be 
deslgned by the composer. They are stored In 
arrays to which the Computer can make 
reference as demanded by the score. 

The composer can write his score in any 
fashlon he wishes. He can also put ¡n con¬ 
versión functions so that he can specify his 
data in any form he wishes. If he prefers to 
specify loudness by the usual musical means, 
the equivalent of mezzo forte, mezzo piano, 
fortissimo, he can set up a numerical scale 
and a conversión function which says, Tf in 
this particular position on the card I punch 1, 
this means planlssímo; if t punch a 6. it 
means fortissimo.' If he prefers to specify 
loudness in decibels. he uses a different con¬ 
versión function. 

And so on with all the other parameters. One 
can. for instance, very easily generate a tem- 
pered scale. Not necessarily a twelve tone 
tempered scale, but eleven or nlne or thirteen 
or twenty-one tone tempered scales. One can 
also allow the Computer to make random 
choices of pitches or loudness or envelopes 
or anything elso. 

In short, the score can specily in as much 
detail as you choose. whntcver types of para 
meter you choose. Other parameters can be 
specified as constants. 

The orchestra and the score 
When the data which form the score have 
been punched on IBM cards, ¡t Is fed in with 
the already compiled orchestra. You can feed 
in data for as many instruments as you like 
simultaneously. and you need not insert the 
cards in any particular order within sections. 

In the executlon phase of the programme. 
the Computer accepts the data and stores it. 
It then processes that data according to your 
instructions and sorts it in such a way that 
all of the events are now ordered according 
to the beginnings of the events. 

So you now have your score sortee! and 
ordered. At this point. if you wish. you can put 
in instructions to genéralo now noto:', (e.g.. to 
modify, invert, reverse, or permútate stored 
data); to create accelerandos, crescendos or 
dimínuendos; to perform any large scale 
manipulation of the ordered data. 

Sampled output 

The Computer now calculates valúes for the 




combined output at a fixed sampling rate. 
The Bell Teiephone Labs Progranime uses a 
sampling rate of 10.000 samples per second 
of musical output. That is an enormous out¬ 
put ; ni fact. sílice each valué may be the re- 
sult of a large number of cycles required to 
process several d ifferent Instruments and 
several different units within each instrumont. 
this represents a considerable task for the 
Computer. It is a sufficient task so that on the 
IBM 7000 at Bell Latís in 1963. our time 
factor was about 10 to 1 : it took us 10 
seconds of Computer time to generate the 
samples for one second of musió. 


Digital-io-ana/ogue conversión 
The Computer output is in digital form - a 
string of binary nurnbers. It has to be pro- 
cessed further in order to get sound out of it. 
Essentially this is done by passing the digital 
output through a buffer into a dígital-to- 
analogue converter. The digital-to-analogue 
converter takes the numerical output of the 
Computer and converts it into voltage valúes 
which correspond in scale to the numerical 
valúes on the Computer tape. This output lias 
to be filtered. A low-pass filter is used. whicíi 
usuatly cuts off at half tho sampling rate. At 
Bell we were using a 5 kilocycle cut-off with 


a 10 kilocycle sample rate. The result of the 
low pass f ilter is to smooth the stepped aspect 
of the digital output. The resultant smoothly 
varyíng voltage is essentially what happens 
to voices in microphones. A voice is picked 
up by the microphone, converted into a vary¬ 
íng voltage, amplified, and applíed to the 
loud-speaker voice coil. At that point it is re- 
converted fromelectricaltoacousticalenergy. 
It becomes a series of pressure waves and is 
carried to the ears of tho audience. 

Sound 

Once the Computer output has been con- 


Computei prim-uut and 
paits of the score of Gerald 
Sírang's Compusttion 4. 

The Computer sound 
synthesis piogrammes used 
by Strang in this pjece 
wero developed by Mathows 
and Piorce al Gell Teiephone 
Laboratories: tile piece 
was produced at UCLA. 
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verted into a varying voltage. it ¡s simple to 
apply ¡t to a tape recorder head. or direcíly to 
a speaker, thus producing sound. 

Some variations of tile BTt programme are 
being worked on at Stanford, at U.C.L.A.. at 
my college, and elsewhere. In addition, vari- 
ous experimentaron is going on with other 
composing programmes. The main centres 
for work with composing programmes are 
Illinois and to some extent Yale. 

From the standpoint of the composer. learn- 
ing to programme in this way is formidable, 
but it is still quite possible for a composer to 
learn rather rapidly to present his data in this 
form and even to anticipate what kind o? 
sound is going to come out of the Computer. 

A Samp/e Musical Piece 
Let's describe a sample of output from the 
programme. In this sample, there are five 
sepárate volees, and a mixture of features. 
One voice consists of noise, filtered in such 


a way that the bandwidth and centre fre- 
queney can be shífted continuously between 
set limits. 

One ¡nsírument rnakes use almost exclu- 
sively of gliding tones of various sorts. There 
are two tempered scales. one of nine tones, 
tíie other of twenty-one tones. There's 
another instrument in which the pitches are 
chosen by the random number generator, 
whose iimits can be set. For the random 
number generator a centre frequeney and a 
bandwidth can be set; then the numbers 
chosen will betranslated into sound frequen- 
cies within the specific range. The rate at 
which random numbers will be generated can 
be set. If I generate (hese random numbers 
at, say, 2.000 per second, I get a kind of 
brittle noise. If I generate them one or two 
or five or twenty per second. i get a set of 
sepárate pitches. 

It is characteristic of electronic music that 


a trernendous amount of dubbing. patching. 
snipping. putting pieces of tape together and 
so on, goes into it. But in this sample, no 
editing is necessary. The whole thing is put 
together in the Computer. All the drudgery, 
all the manual manipulation, all the ¡ncredibly 
timo-consuming fussing around is avolded, 
and this elimínates the noise build-up com- 
pletely. This sample indicates that with this 
kind of a programme you can do almost any- 
thing you can do in an ordinary music lab. 
But you can do ¡t more accurately, more 
easily. and certainly with far more variety. 

There are still limitatlons, and other dífficul - 
ties, but they are being overeóme. For in- 
stance. at present the filtering produces a 
5,000 eyele ceiling. The resulting sound is a 
little bit like a Hammond organ. But that is 
not a necessary result. We can very easily 
increase the sample rate and ¡ncrease the 
complexlty of the sound colour to any degree 
that we wish. 



Two electronic 
music Computer 
projeets in Britain 

Peter Zinovieff 

My studio is now dominated by a Computer, 
and my Computer is dominated by other com¬ 
putéis. My music tends to be at least partly 


composed by my machines 3nd entirely real - 
ized by them. 

This State has gradually arlsen over the last 
few years. because of my deep distrust of the 
nostalgia and maladroitness of the oíd tech- 
niques of electronic music production, tfie 
manipulation by hand of magnetic tape and 
control knobs, in fact a distrust of recording 
altogether, and with the idea that there 
should ever be a finished. once and for all, 
piece of music. It is preposterous that one 
should be expected to stick pieces of tape 
together and to collage simple recordíngs 
together by these techniques. The arrogance 
is extraordinary, and it ¡s only because of 


this marvellous first flush of arrogance in 
others that i have acquired an attitude of 
arrogance to these techniques themselves. 

Digital computers and new electronic cir 
cults can make possible the direct translation 
of scores into music, and the control pro- 
duced is the result of compositional rather 
iban technical skill. Elements of this probably 
exist in all music. Another way of putting it is 
that with Computer techniques you nray con¬ 
trol the lack of control and you may have 
cholee or no choice. Simple tape montagos 
and complicated random multi-channel com- 
positions can be produced from the Com¬ 
puter, the production taking as long as the 


Leít. View of Peter Zinovieff s studio 
Facíng page, top, Score for Four sacred April 
rounds by Peter Zinovieff, currently being 
reatized at the composer’s studio in Pulney. The 
top line of tlie lyrge block indicates tho pitch 
sequences to be used in the reatizalion by the 
Computer. Reading downwatds. the remaining 
horizontal tiñes refer to timbre, wavefomi, 
loudness and crescendo, probable ratio of sound 
to sitence. probabitily ol modulation, and 
probability of interterence by previous events. 





















final piece. Numbers aro equivalent to some 
aspect of sound which is finally heard, and 
codes and words are replacing numbers. A 
new grammar wliiclr is easily learnl wili be 
tiie result. Tile comrminication between man 
and electronicaily-produced sounds become 
more and moro efficient and tile tecliniques 
easier to use. Certainly the fieid is not con- 
fined to mathematicians and engineers. but it 
is designed for composers of new music. 
This tiien is one experiment ~ a versatiie 
electfonic music Computer instaliation witli 
one mam mput, a typewnter keyboard. and 
one main output which is the final composi- 
tion, 

Tiie composer remains in one sense, but in 
anotíier he becomes an arbiter of form, the 
spccifier of art. 'What is music T lie might ask 
the machine, and the machine will lespond 
with endless examples. but the composer 
rnust ask tile question or else nobody wilí. 
And tiiis is what anolher Computer project is 
about. Alan Sutcliífe ai ICT lias programmed 
an ICL 1900 to compose general composi- 
lions wliere tile Computer rnakes all the deci- 
sions about the outcome of a piece or even 
if diere is a piece. The programme is 
sophisticated enough to allow a random 
determination of form, specific notes and the 
developmentand inter-dependence between 


movements and parts of movements and parts 
of notes. One output is in the form of punched 
paper tape, and the otiier is a tabuiar score 
informing us of what has happened, Such 
tapes have been fed into my Computer, which 
in turn has been programmed to give free 


ciioice of eiectronic realization and treatment 
of lilis score, as well as recording it or merely 
playing it as it goes along. A product com- 
posed by a machine realized and automatic- 
aily edited by another should perhaps be 
judged by a third. 


Music from paper 
tape 


tuned to give many exact-ratio truiy con- 
sonant intervals, rather than the equah 
temperament compromises of keyboard 
instruments. True íntervals give better scales 
for music of limited modulation. 'Solidac' 
can provide a just-íntoned (major or minor) 
scale up to a 750-Hz note about one-and-a- 


half octaves above middle C, with some en- 
harmonic alternatives useful for improving 
scales based on other notes. 

As with an organ, each note has a fixed 
volume-level. Score-notations allow fine 
distinctions of duration (and very short rests), 
which are desirable and valuable for improve- 


T. H. O'Beirne 


Some work with Computer music has made 
advantageous use of a small Computer 
buiit and for the most part designed by Barr 
and Stroud Ltd. for Glasgow University. 

The design, dating from 1959, provides 
storage oniy for 1024 words of twenty bits, 
and a pulse rate of oniy 30,000 Hz, (Many 
computers of 1968 are about 100 times 
larger and faster.) Input is by five-hole papar 
tape. Musical potentiaiities-not at first 
appreciated-derive from shift orders which 
can vary loop-lengths by single pulses. 

Suitable programming makes an internal 
(f unction-decoder) Circuit llave a rectangular 
pulse once ¡n each passage of a loop. Ampli- 
fied and fed to a loudspeaker. these pulses 
provide notes which have good harmonio 
overtones. somewhat suggestive of a clarinet. 
(Loop tengths determine pitch, and loop 
counts can then specify duration.) 

A Computer is preferably-and more oasiiy — 



'Solidac' experimental 
Computer made by 
Barr & Stroud Ltd. 
for Glasgow University 
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ment of musical expression. Suítable pieces 
can be given some simple two-part (and 
even three-part) liarmony, by programming 
to produce multiplexing loops, cycled with 
the frequency of a fundamental bass. 

Change ringing as for church bells-by 
authentic methods. up ío full peáis, if de- 
sired-can be specified in condensed nota- 
tion. Bells are simulated by slightly staccato 
octave chords, given added realism by small 
random-number variations of timing. 

Random-number facilities can also pro- 
vide for the continuous play of eigbteenth- 
century dice-composition pieces in which 
an overall plan ensures compatibility for all 
choices made within sets of alternatives 
(usually eleven, for two dice, sometimes six, 
for one), given separately for each of slxteen 
successivebars. 

The Computer has arbitrary entry to cycles 
of some 100,000 variations for each of four 
scores of this type-Mozart scores for 
waltzes and contredanses, a Haydn score for 
mínuets, and what ¡s claimed as a newly- 
found Haydn score for tríos (almost a billion 
different trios). 

The dice-music master programme has been 
applied to give simultaneóos composition 
and play of some forms of stochastic music. 
A first effort gave variants for four-bell dock 
chimes, Westminster (or Cambridge) style. 
Later work has been done within limits ¡m- 
posed by keeping to the nine notes of the 
(correctly tuned) Highiand bagpipe-recent- 
ly shown to have a unique and appropriate 
special-feature scale all of its own. 

The Computer can play a continuing 
succession of 256-bar pieces, each a variant 
in some selected genre suitable for this ¡n- 
strument. There are programmes for ten 
gentes, some traditional and some novel. 
Restrictions can be imposed upon rhythms 
and note-selection, with provisión made for 
Progressive speed-changes, for some modu- 
lation and repetition features, and for 
authentic grace notes. Ten-movement 
suites of forty-minute duration can be formed 
by assemblies of complete sets of selected 
variants. (Direct play requires tape to be read 
between movements.) 

Ready access to the Computer gave a wel- 
come opportunity to make many successive 
¡mprovements by alterations to programmes 
andto theirdata. 
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ccpfftln \nmljc? with two Dice* 

IfThe tiiiíH A—H, plircd *t the hejtl of the 8 Columttx 
of the Varoher—Teblen fhoir the 8. time* of eith pert of 
the Cotmtry.Díncí, VU. A, the first» 8, the fecotvt, C, 
the third» 4c»«nd the Knmbers in the Cohimn nndrr the 
Lettem fho» the Vntnher of the time in the Note»» 
fc/Thr Numbtr» form #* lo IS, fhov the fum of the 
Number th»o «en be throxn» 

Ajfur inftinre, I ti throwln/c for the lime of the flrM 

M*t of the Dante, with two Dire,the HutnW 6 , onr 
lonVs nr*t to th»t Vutnbrr In the Columit A, for the 
time in the hfote*« fbl» time 1* wrlttrn tfown, 
trtakts the hejcinnimt of Iht Da o re» — PnMhe frtojvi 
time, for ínfUnrc, Ibr Nitmher 8, htliijr Ihrowtt,titrn 
to the fame table Coiutnn n, and th* Vnmb. rM.lh.ilt 
te foliad. ThUtlm# is put next tu ihrflrsl, A one cou, 
llene*, inthl* nuniwrHll the dftht time* íhall be 
throxti, whm tikewifethe first part of the Dante 
V Iban be fínUh’d. — The ffffn of repetition i* fnrthrr 
placed 6t thó fecond {nrt beirun. 


tn 1795 Simrock published a sysíem of composing 
waltzes and contrcdanses usíng chance 
operations, which have he en attributecí to Mozíirt. 
Two dice are thrown. and the resulting number 
is reíd red to the table lo determine sequen ce of 
hais in the composition. 


a. 


7.«bi» «t *r«i. 
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Computer-generateddisplayof thevocal Iract 

Ahove, The changos in the position of the tonque, 
lips, and pharynx sfiown on an oscílloscope as the 
word 'Bell' is spoken. (Model developed at Bel! 
Tefephone Laboratories.) 

Lefi, Vocal tiact on an oso ill oseo pe sueen. Shnwn 
in lite cjfjometfic sido view is: (a) phaiynx. 

(¿‘) palato. (c) tonque, (d) tonque tip. (e) lips. and 
(/) lowcr jaw. fho lips. pharynx antl tonque aie 
positioned to synthesize hasic souncfs 

















Computer projects 


Five screens with 
Computer 

Gustav Metzger 


'Five screens with Computer,' is an elabórate tions, Day and night. Views of the screens, 
project for auto-destructive art composed singly and in relation, from the ground and 
of five screens made of stainless Steel, about above. Shadows on the ground and screens 
thirty feet high, forty feet long and three feet at different seasons. The direction and 
deep. These are arranged thirty feet apart. velocity of ejections will be programmed. 
staggered in plan, and sited in a central The frequency of ejections on holidays may 
place between large blocks of fíats. Each reach 600 a day. One or severa! computers 
screen consists of ten thousand uniform will exercise dlrect control over the activity 
elements three feet in length. whose section of the screens. As suggested by Beverley 
is either square, rectangular or hexagonal. Rowe, a Computer programmer who assisted 
The elements are tightiy packed, and ejected with the project in 1964, random ejections 
onebyone.The elements lyingon the ground determined by atmospheric conditions can 
are removed periodically. After a ten-year be incorporated in the programme. The com- 
period, only the empty site remains to be puter is used for a variety of reasons. One 
turned over to another use. is the complexity of ordering the movements 

The artist prepares the programme for the of 50,000 elements over a perlod of ten 
ejection of the elements and disintegration years. 

of the frame. Numerousfactors determine the [These ideas were discussed by Gustav 
programme. Technical demands and limita- Metzger in his lecture at the AA in 1966.] 

Elements spilllng out írom four of the screens at different speeds and in different directlons. The entire 
activity is controlled by a Computer. 


















Computer 

structures 


Johan Severtson 
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These structures have been simulated by the 
output of a general purpose digital Computer. 
The Computer served as a memory extensión 
and thought manipulator. and was pro- 
grammed to generate visual elements 
consisting of a finite entity such as shape, 
proportion. Une and colour. 

These elements are to be chosen by the 
spectator from a random list of elements 
available. The elements are manipulated by 
the Computer to form a large number of 
random arrangements. it is up to the spec¬ 
tator to decide which elements he wishes 
to use. An example of the spectator speci- 
fications given to the Computer might be as 
follows 

1. the structure must consist of two fíat 
planes. 

2. each to be rectangularin shape. 

3. inaproportionofthreetofour. 

4. the first plañe to intersect the other. 

5. on the first plañe thete may be one or two 
parallel bands of varying width. 

6. each containing a block or two of colour. 

7. the second plañe will also contain a bank 
of constant width in varying positions. 

A programme is then written to show the 
spectator the possible ways in which specifi- 
cations could be met. Five hundred to a 
thousand permutations can be taken from 
one set of elements. When the output is 
produced the spectator chooses íhose he 
finds most interesting. The work of art exists 
in many physical States: electric impulses 
in the brain of the artist, verbal dictations to 
the programmer, flow chart on paper, 
punched on cards, printed as output. dis- 
played on cathode ray tube. and translated 
to some other physical state determined by 
the spectator and artist. 

Thus the Computer is used as a too! for the 
spectator and artist. it does not produce art. 
but is used to manipúlate thoughts and ideas 
which could be called art. 
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Rarxlom dances Computer output 
< Dancer 2 at 4 
, Dance 1 


Stationary dance 


Computer- 

programmed 

choreography 


Jeanne H Beaman started work on Com¬ 
puter dance ¡n 1964, ¡n collaboration with 
Paul Le Vasseur of the Computer and Data 
Processing Center at the University of 
Pittsburgh. 

The íirst dances, al! solos, generated three 
speclfíc types of command, those of tempo, 
movement and direction. Three lists of such 
commands were given to the Computer 
which selected from these at random. Since 
1966. Mrs Beaman and Dale Isner have con- 
tinued their explorations, generating choreo¬ 
graphy from duets to large groups and 
addíng directional Controls. For example, 
in the film Stationary dance the Computer 
picked at random the place on the grid 
where each dancer starts. All successive 
space areas retnained the same in this parti¬ 
cular dance. Other possibilities are revealed 
by the tales to dances such as C/uster at 
the centre. Once off stay off. CircHng 
counter-c/ockwise in which each new com¬ 
mand moves the dancer around the stage 
gnd, and Front and back. for which there 
are no lateral space commands. 

Movement directions come spilling out of 
a Computer very much like so many beads 


the result is an aggregation of sepárate 
movements, The question of how to relate 
the movements or to emphasíse their 
separateness remams an area of decisión 
for the dancer and not for the machine. Two 
dancers, therefore, working from the same 
Computer directions, may end up with 
dances which differ not only in skill but 
in the whole emotional import. The random 
character of the Computer directions gets rid 
of iong-heid habits. 

In England, at least One group of dancers 
has tried out Computer dance under the 
direction of Ann Hutchinson. 


STAGE I.AYOUT 
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SfATIOilARY DANCE 


1. Stay at 4, nine médium beats, rotate left 
shoulder clockwise. diag rt bkwd then 
retum then diag left bkwd. 

2. Stay at 4. five médium tempo triplets, 
rotate both shoulders clockwise. make 
a pentagon. 

3. Stay at 4. three médium beats, leap then 
run, diagonally right backward. 

4. Stay at 4, eight beats S to F to S, run as 
many as desired, no change in space. 

5. Stayat4, three slowbeats, plie in second 
position and rise, altérnate diag rt 
forwd and diag left bkwd. 

6. Stay at 4, three slow beats, fall and do 
not rise until next line. diagonally left 
backward. 

7. Stay at 4, seven médium beats, move 
left arm only. are forward. 

8. Stay at4. ten beats S to F to S, quarter 
turn counterclockwise. make a hexagon. 

9. Stay at 4. fifteen beats fast to slow, 
walk with iegs bent, choose your 
movement direction. 

10. Slay at 4. four médium beats. flex left 
knee and rotate lower leg CW, make 
a pentagon. 


Random dances Computer output 
Dancer 1 at 9 
Dance 1 

Stationary dance 

1. Stay at 9, four médium tempo 
triplets, walkheel toe,zig-zag left. 

2. Stay at 9, three slow tempo triplets, 
stand on right leg, are side left. 

3. Stay at 9, ten beats Fto Sto F, walk 
on tip toe. choose your movement 
direction. 

4. Stay at 9, eight slow beats. flex right 
knee and rotate lower leg CCW, 
are forward. 

5. Stay at 9, six médium tempo triplets, 
run then leap, forward. 

6. Stay at 9, five fast beats. fall and do not 
rise for two Unes, altérnate diag rt 
forwd and diag left bkwd. 

7. Stay at 9, three slow tempo triplets. 
fall and do not rise for two lines, 
diagonally left backward. 

8. Stay at 9, four slow tempo triplets, full 
turn clockwise, side right. 

9. Stay at 9. eight beats slow to fast, 

fall and do not rise for five lines, zig-zag 
right. 

10. Stay at 9, ten beats fast to slow, 
rotate left hip counter-clockwise 
























Machines and 
environments 


The coiloquy of 
mobiles 


Gordon Pask 

An 'aesthetically potent’ environment is an 
environment of any sort (auditory, as in 
music, verbal, visual, tactile perhaps) that 
people are Hable to enjoy and which serves 
to shape theír enjoyment. An artist can 
certainly manufacture and mould such an 
environment (as lie does by writing music, 
bullding a liouse or painting a picture), and, 
in so doing, he may communicate a message. 
But the quality of aestlietic potency'. 
although ¡t determines the framework in 
which artistic communication can take 
place, is primarily attached to a relation 
between the environment and the hearer or 
viewer. An aesthetically potent environment 
encourages tho hearer or viewer to explore 
it, to learn about it. to form an luerarchy of 
concepts that refer to it; further, it guides 
his exploration: in a sense. it makes him 
particípate in. or at any rate see himself 
reflected in, the environment. 

Physically (though not psychologically) 
passive environments of this sort are familiar 
enough (music that bears repetítion, paint- 
ings worth seeing twice). Active and even 
reactive environments have boen fabricated 
with this property. The col/oquy of mobiles 
is an attempt to go one step further in the 
same direction. 
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Calcomp’s model 760 magnetic tape plotting system 

One of four Systems ¡n the 700 Series—is compatible with alt Calcomp 500 Series Digital Incremental 
Plotters. The precision-engineered tape transport and logic circuitry provide all the advantages of 
off-llne digital plotting and inelude a number of special features for máximum plotting flexibiiity. 

Also shown is Caicomp’s Model 565 —one of several models in the 500 Series, suitabie for automatic 
digital plotting with virtually any standard Computer. 


























It is a group oí objects, the individual 
mobiies, that engage in discouise, that com¬ 
pele. co-operate and learn about one anoíher. 
Ineii diseouiso ovolves ni several levéis in 
,i htemrdiy ni conliol and a himamhy oí 
abstmction The Irick is that ¡í yon Imd them 
mteiostmg ihen yon can |Oin m the tliscouise 
as vvell and bring your mfluence to bear by 
participatmy in wltal goos un. li ts a crudo 
demonstralion oí an idea that could be 
developed ¡ndefinitely. 

Each individual mobile lias a set oí pro- 
grammes that determine its motions and 
its visible State, Each individual learns how 
to deploy its programmes in order to achieve 
a goal; namely. lo reduce an inbuilt drive. 
Its level oí satisfacnon' is reflected partly 
m ils behaviour and partly in a visual display. 
The mobiies are oí two sorts. As a vvhimsy. 
we Nave called one sort maie, the other 
female. 

Whereas niales compete amongst them- 
selves and so do femates. a maíe may co- 
operate with a female and vico-versa, íor 
one possesses programmes that are not in 
the repertoire oí the other and jointly a male 
and female pair can achieve more than both 
individuáis in isolation. Ironically. this pro- 
perty is manifest in the fact that a male can 
project strong beams of liglit but it cannot 
satisfy an urge to llave them play on its 
periphery, whereas a female (who cannot 
shine lighl) is able to reflect it back to a 
male (and. when she is competent. to reflect 
it upon the rigtit position). To co-operate or 
even to orient themseives and to engage 
their programmes, the mobiies must com- 
municate. They do so in a simple but many- 
levelled language of light flashes and sounds 
You may engage in this discourse if you wish 
to, though your goals may be alien to the 
goals of the mobiies; for example, you míght 
be trying to achieve a configuration that you 
regard as pleasing. 

For Col/oquy of mobiies: 

System and Males by Gordon Pask 
Pernales by Yolanda Sonnabend 
Electronics by Mark Dowson and Tony Watts 
Patrón of the project-Maurice Hyams in co- 
operation with System Research Ltd. 



Plan of Mobiies 



































Analogue feedback 
projection system 


John Lifton 

Tlie projection system is a stage in a series of 
experimente started in autumn 1966 and 
working towards building an environment in 
which all the senses would be involved in 
an integrated way. 

In earlier stages a combination of visual, 
aural, tactile and olfactory elements was 
used. Despite making the visual parameter 
indistinct, dark 3nd intermittent, it still 
tended to domínate the experience, so i 
decided to concéntrate on the visual side 
and try to find a way of making a visual 
image that involved the vlewer in it rather 
than make him feel that he was observing it. 

The functional criteria evolved for the 
system we re - 


Sidebands 1968 


Hugh Riddle and Anthony 
Pritchett 


Image size: 10 in high x 12 in wide 
These forms are stills of a kinetic sequence 
produced by an analogue system and are 
essentially an elaboraron of the Lissajous 
figure oscillographic technique used by 
engineers for frequency measurement. The 


most important difference is that surfaces 
have been substituted for the lines of the 
classic Lissajous figure. These surfaces are 
generated by a complex of high frequency 
sideband signáis, which aiso give an impres- 
sion of varying texture. 

Harmonically-related sinusoidal waveforms 
originating from electronic stgnal generators 
are processed by analogue circuits and fed 
to the X and Y deflection coils of a cathode 
ray tube. The very large number of different 
graphic forms are achieved by varying the 
raíio of the frequencies of the waveforms. 

For the purpose of this exíilbitlon, tfie wave¬ 
forms fiave been recorded on a loop of 
magnetic tape to provide a continuously 


changing display which repeats every ten 
minutes. 

Analogue techniques are used to amplify 
and process signáis in a continuous rather 
than quantised manner and the idea of using 
this appro3ch aróse when digital Computer 
methods proved too expensive for the 
animation of even simple forms, wfien sur- 
faces were involved. The system was origi 
nally designed to generate a Móbius strip 
for a televisión tille sequence. of a BBC 2 
Science fictíon series. Out of the unknown. 
but revealed unexpecled graphic properties 
even at the testing stage. 

Developmen! followecf a quite diffeient 
path to that for most electronic applications. 


1. lhe image sliould nul Lio piojuoled unto 
a fixed screen within the space but onto the 
whole surface of ttie space so that the viewer 
is within the projection. 

2. The Image should be constantly moving 
over the whole surface. 

3. The image must be complex but not of 
high definition. 

4. The image should respond to a sound 
stimuius as the aural sense ¡s more 'imme- 
diate' than the visual. 

The basis of the system. completed in 
April 1968, is multifaceted blocks of glass 
or optical plástic, placed in front of the pro¬ 
jection lens. and mounted on low-inertia 
d.c. servomotors which are the output units 
of an analogue Computer. When a sound ¡s 
made ¡n the projection space the Computer 
sends a signa! to a servomotor which 
causes the rotation of the glass or plástic 
block in the projector's light beam so that 
the projected image is moved on the surface 
of the projection space in accordance with 
the signal. The way in which the light move- 
ment responds to a sound depends on the 
programming of the Computer. 


I hr |mi|in tiil i:: mminh'i! m ,i < |< iuti - : u 
dome ahout 3m vvide and 4m. high 
internally. wliicii combines for the viewei 
a sense of enclosure and a continuous 
projection suiface. A tape loop ptovidcs 
intermittent music as the rhythmic response 
of the light to it is particularly ¡nterestmg 
Mlcrophones pick up sound generated by 
viewers within the space. 


PLAN 















because the visual impact of the various 
analogue processes was so unpredictable. 
Many of the most significara steps were 
taken by accident. Even after an intoresting 
effect liad been found, it was not easy to see 


how to modify the Circuit design to increase 
the interest, so that a free-wheeling, empirical 
approach had to be adopted. It is an interest- 
ing experience to work witli an electronic 
System in such a subjective way, often 


exploring condítions that would be treat.xl 
asfaultsin.forinstance, an industrial systern 
very different froni the cerebral prepfannoJ 
approach usually necessary for digital corn 
puter graphics. 


Que la lumiére solí by Yaacov Agani 

this tlnrni! was shown in ilui Mustium of Mocfem 
An m Paiis ni ¡lia sliyhtust sound aílects 

¡luí haré bullí inside wliich responds in liglu 
mlensHv m lli« viniely of ■iniliicnt soumls. 



Carm-O-Matic 


Eugenio Carmi 


The Carm-O-Matic is a picture generator, 
with visual effects obtained by the over- 
lapping of simple images. which build up on 
the retina of the spectator with the aid of 
stroboscopic flash. Starting with a set of 
elementary images, it is possible to obtain 
numerous combinations of considerable 
complexity. 

The System incorporates an interchange- 
able set of images which appear on a cylinder 
at a speed of 1500 revolutions per minute. 
What we see is the result of a combínation 
of two chance elements, the moving images 
on the cylinder and the frequency of the 
stroboscope flash. The possible combina- 
fions run into millions. The apparatus is 
sensitive to sound in the environment, which 
effects its random function. 

This work has been realized with the colla- 
boration of Ing. Gianni Colombo of Sorgoti- 
cmo. Italy. and the palronage of Olivetti 
Company. Ivrea. Italy. 



















Sound-activated 

mobile 


Oivl. 1987 

plástic. selenkim ceüs. 
fealhors. 21 24 12 ni. 

CoHecúon Deighton Duffy 
Productions Ltd. 

Whcn subjtícMíl lo sunlicjht 
oí artificia! litjhi, selcmum 
cells oniit elecliirúiy 
whirh o por n tos sensitiva 
niotors which in tum acliv.iU* 
fealhors on oither sido of the 
body. Brooks Radkimetors 
function as oyes levolvinci 
vvIiom ho¿rt is (lotorlod by 
ti ion >. 


On the human 
predicament 


Top rigbt. Edward Ihnalowicz in his stuciio 
workshop; right. n drawing of the mobile; far fíght, 
the partmlíy-compieted mobile. 


Bruce Lacey 


Given a brain, man has the possiuílity of 
developing into a sublime, happy. Creative, 
and unique creature. but he is provented from 
realizing this potential by the severe limita- 
tíons imposed on him by the environment he 
lias created for himself in order to survive 
physically. Having to adapt psychologically 
to his environment, and if the environment 
has been too hostile, religions liave stepped 
in to offer a pleasanter one after death, if 
man has resisted external pressures, he has 
either heen put to death. put into prison, or 
put into a mental lióme To survive in the 
future. he must rebuild his cities, rewrite his 
laws, and re-educate himself and his 
38 
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Edward Ihnatowicz 


This electro-hydraulicaily operated, environ- 
ment-sensitíve mobile is my first attempt at 
an articulated structure capable of being 
controlled by an electronic system. 

It was also an exercise in developing shapes 
by following a strictly functional discipline, 
in the hope that the final appearance would 
become a reflection of the motive as well as of 
the method. 

I arn currently working on a iarge structure 
to be operated by a Computer and designed 
to explore the possibílity of a much more 
subtle and varied movement, as well as more 
complex reactions to the environment. 







































children. He musí do all these things to 
suit his emotional. sexual and psychological 
needs. In other words. he musí cliange his 
environment and his society to suit himself 
and not change himsell lo suit h¡s environ¬ 
ment or society. 

In my robots and humanoids l aítempt to 
presen! this predicament. In my events I 
attempt to ask questions. And in my 
stmulations and environments I attempt to 
point direction lowards lite answer. 

In attempting to solve these problems I use 
all advances in technology, electronics. 
psychology, market research, medicine and 
mathematics at my disposal. Using. in fact. 
the very hardware that has brought about 
these problems in the first place. 


Ricjht. Rosa Bosom (R.O.S A-Radio Operated 
SifiHiiaituJ Actress). 1965 

Electronic parts, aluminium. batteries. motors. etc. 
24 . 36 72 in. 

Oriciinallv designad as an actress to intégrate with 
live per forméis in production of Three Musketeen 
ai iho Aits Thotitiu 1966. wíhmo it pKiyod the 
Gueetr of Franco. 

Method of control: radio: piogiammed; 
envi ron mental. 


Fai iight. Mate. 1967 

Flectronic parts, aluminium. batteries. motors. etc. 
24 24 - 72 in. 

Built as cumpa ni o n to R.O.S.A., which it follows 
automatically and generally interacts with. 

Using ultrasónica, infra-red and sonic signáis. 




Machines by Jean TingueSy 

Paiming machine or Metamatic 1959, welded Steel and rubber, painted black, 31} x 19} x 17} in. coliection: Pontus Multen, Stockholni; Painting machine. 
or Metamatic. 1961, welded Steel and rubber. 21} x 30 X 15 in. coliection: Stedelijk Museum. Amsterdam 




















Mechanical 

patternmaker 


This machine Controls the movements of a 
piece of paper. and a pen ¡n contad with it. 
By varying the manner in which the pen and 
paper move.relativetoone another, different 
patterns are produced. There are four in- 
dependent motions incorporated in the 
machine, two concerned with the pen and 
two with the paper. The pen may be moved 
backwards and forwards and also from side 
to side. 

The paper (which ¡s supported on a small 
wooden table) can be rotated about an axis 
which can also be rotated about a further 
axis. These four índependent motions are 
driven by an electric motor via a series of 
gear chairs. By varying the gear ratios 
different patterns may be produced. in 
theory, all the patterns are regular and can 
be repeated. However, in practice, if all four 
motions are used at once for a pattern. it 
becomes so conftised that tfie pattern 
appears to be random. 

Tlie machine ¡s made from 'Meccano' and 
because of this. is not so precise as a 
piopetly engineered machine could be. 


¡gjjgpl 

wmM 


Hogle-Burdick organ 


Richard I loc|lo s Hogln-Btirdtck chromnhtxiw 
organ, 1967 . 16 5 x 20 1 <1 } ¡ n , 

Hiis woik. vvhirli ronsisls n( throir rtiws <i[ hulbs. ¡ 
sensitivo to sound. The difieren! bulbs respond lo 
different pilches of tire voicn. Mcn heve two rows 
of hulbs luspondiiKj-wtimnii one. 














Enlrechats 1/ by Frank Malina 

Entrucháis H by Frank J. Malina was made al 
Boulogne sur Seine, Franca, in January 1966. 

It is Mafina's 177th work since 1955 utilizing 
electric light either in sialic or kinetic form. h is the 
second work designed so thal ihe molion of light 
forms on a translucent screen is determined by the 
variation of ambient sound iniensity. The forms 
on the screen are produced by rolating light- 
reflecting surfaces. The electromc systern. 
construcled by D. Bouffier and D. Bouüret, 
consists of a microphone. amplifier. two-way relay 
and a reversible electric motor. 




Cybernetic scuípture by Wen Ying Tsai 

Like many of Wen Ying Tsai's works, this scuípture 
consists of vibrating siainless Steel rods surmounieo 
by polished metal plates. It is in constant harmonio 
motion in art electfonically-activa«ed environment 
consisting of high frequency lighting. Thefrequenc, 
of the strobe flash, which is linked to an exteinal 
stimulus such as the proximity of the viewer 
or ambient sound, appears to alter the motion of 
the rods ranging from gentle undulations to rapid 
vibrations. 

Wen Ying Tsai studied both mechanlcal engineering 
and art, and has been making cybernetic sculptures 
in New York íor the past four years. 





































Five-year guaranty 


Norman Bauman 

‘What ¡s this?' Bzzzz. 'Oh. ¡sn't that 
marvellous!' 

That was the universal reaction to a one- 
man show by artist and composer Nam 
June Paik, a student of John Cage and 
University Fellow, whose colour televisión 
sets were on display in the Humanities Art 
Gallery at Stony Brook University in March 
1968. 

A televisión set contains a cathode gun, 
which sprays the screen with electrons from 
the back. just like a gardener watering his 
lawn with a hose. When the electrons hit 
the screen, they excite the coating to glow. 
The televisión tube haslittle magnets which 
deflect the spray back and forth, until the 
screen is covered with about 250 lines. A 
signal Controls the intensity of the glow, and 
that is how we get the picture. 

Televisión sets today transmit pretty much 
a faithful reproduction of what is in front of 
the camera. There is no reason to be satisfied 
with this. Men shouid be able to control 
their environment, rather than be satisfied 
with niaking faithful reproductions of it. Mr. 
Paik has reworked the televisión sets to give 
the viewer a bit of control. He takes a large 
electromagnet and places it over the tube. He 
presses a switch. Bzzzzz! Yogi Bear gets 
squashed ¡tito a comer of the screen, his eye 
grotesquely enlarged. Mr. Paik releases him. 
Bzzzzz! Yogi Bear gets turned into an 
infinity sign. 

Mr. Paik takes a huge horse-shoe magnet, 
straining under its weight. He places it on 
top of the televisión set. The original image 
is completely destroyed and turned into 
unique electronic shapes. He turns on an 
electromagnet. Bzzzzz! The shapes dance. 
Hete and there a disembodied hand is 
visible, a vestige of the original programme. 

He gets stranger effects by re-wiring the 
sweep Controls of the sets. One is rewired to 
give a symmetrical douWe image. like a re- 
flection in a lake. In another. tíre image is 
completely obliterated; the screen stiows 
only a collection of soft, round colours. Mr. 
Paik hands you a small magnet. which you 
move towards the screen. The screen bursts 
into brilliant colours. A thírd. called Tango 
FJectronique. has shimmering coloured lines. 
You turn a knob, and the screen explodes 
into pattems. After a while. you get a feel for 
it, and are able to control the image. 

'Okay, what does it all mean 7 This was the 
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question that the more intellectuahzed types 
asked, those who weren't content to leí the 
exhibit rest simply on its beauty. While there 
is no answer beginning with 'The meaning 
is . . . a few observations may make this 
kind oí art more comprehensible. 

In the first place, it is a responsive environ¬ 
ment. Unlike ordinary art exhibits and 
ordinary televisión sets, here the observer 
can actually touch things and make it the 
way he likes it. Amerícans love to touch 
things, as museum curators and display 
designers know. At a Russian trade show I 
attended when I was in high school, the 
exasperated guards kept telling us, 'Why do 
you have to touch everything?' Presumably 
our more passive Russian counterparts 
would have stood back a respectful distance 
from the exposed Computer and Chemical 
glassware, but we turned switches and 
broke things. 'Let them píay around.' said 



Mr. Paik. ' Ibais what it s Hice fot. II somu 
thing bieaks, the Art Department vvilf pay foi 
i!.' 

Sotrie of his more complicated machines, 
such as Tango Electronique, are more like 
musical Instruments than art works. You 
don’t watch it. you play it. The mass media 
is essentially passive. Watch a six year-otd in 
front of a televisión set. or a 40 year-old 
baseball fan with a can of beer and a bag of 
potato chips. Passive art is a real threat to 
our culture. If the viewer does not enter into 
art, he cannot possibly hope to understand 
it. A major part of the thrill of Mr. Paík's 
exhibit is pushíng the button yourself, and 
knowing that you made that little blrp there. 

Why televisión sets? 'Nobody else was 
doing it,' says Mr. Paik. And why not ? If we 
paint with paint, and get one set of shapes, 
and paint with light, and get another set of 
shapes. and paint with sound, if the analogy 



Abovo lofl. Nam June Paik 

Above. fíobor K-450 by Nam June Paik 
(a fcmate robot known for her clistuihing 
and idiosyncratic Lehaviour) 

Left, McLuhan cagad by Nam Juno Paik. >;». 
in other words. a transformad televisión image. 
which the artist has specialized in for sonio years. 


















may be extended, to get a different set of 
shapes. why not paint vvith magnetic fields, 
llie vvorking stuff of our technology, to get a 
completely new and completely different 
feel ? The beautiful patterns of 
Toga Cage~3.5\ McLuhan j Sony' 
Norbert Wiener 

the black and wliite pattern whlch is 
generated from a single vertical white line. 
would be extiemely complex for a graphic 
artist. but among the simptest of statements 
in Paik-television. Simple statements in this 
médium are quite penetrating. 

Get the feel of magnetic fields! What aro 
magnetic fields ? Something that everybody 
knows about from textbooks. but "that no- 
body has a feeling for. Before I used a Paik 
TV, I did not believe, despite all my physics. 
that magnetic fields really deflected elec- 
tions, A televisión set was orre more black 
box : WARNING ! Do not remove this cover! 


Electiomc TV images by Nam June Paik 1965 



Simulated 

synasthesia 

Roger Oainton 

Colour and movement transposed from 
sound 

Most of my iife l’ve been fascinated by 
machines, eventually i chose colour tele¬ 
visión machines because they liad filled 
many of my waking liours in the past thres 
years, but mostly because they represented 
for me one of the most subversive facéis of 
technology—a means of creating a 'euphoria 
in unhappiness 1 , Essentially a means of con- 
veying persuasive images to the viewer— 
other peoptes' images, I wanted to explore 
effects as a means of trans forming from one 


The feeling of liolding a magnet in your hand, 
and seeing a visible, striking result, musí be 
experienced to be appreciated. This is not 
chíckenslut iron filings, but a real, living. 
breathing MAGNETIC FIELD, that you can 
really use to deflect real, live. glowmg olee 
trons. 

It is fairly straightforward to analyze the 
images of an oscilloscope; a sme wave gives 
a certain pattern. a ratio of sines another. It is 
exlremely difficult to apply tlie same analysis 
to tírese reworked televisión sets. While I 
played Tango E/ectronique, I noticed that 
one signol generator seomed to affoct 
primarily one diagonal axis, and the other 
generator controlled the other axis, in a 
general way, but even vvhen I disconnected 
botli generators, the sígnal danced madly on 
the screen. It was affected by extraneous 
signáis given out by its own control signáis, 
tlie AC hum in the room, and the mynad 



médium to another, from sounds in time to 
iight in space and time. I am beginning to 
see a new role for these machines-helping 
us to reveal ourselves to ourselves-not to 
impose ourselves on each other. 

Visual patterns form and ctiange as they do 
in sound. These patterns are not random. i 
have simply arranged them this way, The 
coiours and the patterns could be very 
different. 

From the frequencies of the musió, all the 
coiours of the spectrum are reproduced. 
Some patterns appear to be stationary, or 
float very slowiy. This is because the music 
at this moment has a cióse reiationship in 
frequency to the display, thus the structure 
and texture of the coloured patterns is 
formed. The sound is being transposed from 
one médium into another. 

This system is still very much in its infancy, 
but with further development. and the use of 
computers, I hope to explore further the 
transposition of sound into colour and 
ynovement in space and time. 


signáis of the other sets in the room. While 
it is possible lo completely analyze these 
patterns in the traditional way. I would 
expect such effort to end in either frustration 
or in such complexity that it is impossible to 
observe any relatíon between the analysis 
and ihe the feeling you get when you look at 
it. Nikolai Rashevski once described the ¡n- 
convenience of describing an animal in 
cartesian equations. 'When the dog wags 
Iris tail. what happens to your equation?' 
When you team to play a Paik TV, you are 
forced to see these patterns of technology in 
terms that are different from those you 
íeamed in physics, Your electronics will 
make it more enjoyable. but perhaps you 
will learn that you can't impose a traditional 
scientifíc order opon everything. In art as in 
the world. 
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Cybernetic líght 
tower 



A project by Nicolás Schóffer. intended tor 
the Rond-Point de la Defense in Paris 
An open structure 307 metres tall. having an 
average span of 59 metres, ¡s built of square 
Steel tubes filled with reinforced concrete, 
based on the same techniques as a sky- 
scraper frame. The structural elements of 
this skeieton witl be covered either with 
polished stainless Steel sheets, or with 
polished aluminium. Within this structure, 

15 curved mirrors are placed at different 
heights between the 180 parallel arms pro- 
truding in four directions, 100 revolving axes 
are instalied, on which 330 mirrors are fixed. 
The relationship between the curved mirrors 
and the revolving plañe mirrors produce a 
great number of refiected and diífused rays 
around the sculpture. 

Each of the 100 axes wiil be driven by 
electric motors at variable speeds. The com- 
bined Controls for these motors are con- 
nected to a central Computer. 

The sound, temperature, traffic flow. and 
humidity wiil affect the movement and 
luminosity of the tower. 

But on certain days and at certain hours, 
the tower can serve as a barometer, announc- 
ing bad weather, for example, through 
emission of red beams, and fine weather by 
the slowing up of its movements and the 
predominance of blue. 

It wiil also be able, say at 1 p.m., to give the 
stockmarket trends: increasing brightness for 
a rising market. a more or less accentuated 
slowing-up for a failing market. 

For road traffic. every evening from 5 to 8 
p.m., it can be made to serve as the co- 
ordinator and broadcaster of ¡nformation for 
car-drivers, communicating data by radio, 
and also by conventional visual signáis, in- 
dicating the directions to take or to avoid. 

In certain urgent cases, it wiil be able to 
broadcast warning sounds or orders. 

CYSP 1 

CYSP 1 (a ñame composed of the first letters 
of cybernetics and spatiodynamics) is the 
first 'spatiodynamic sculpture' having tota! 
autonomy of movement (travel in ali direc¬ 
tions at two speeds) as well as axial and 
eccentric rotation (setting in motion of its 16 
pivoting polychromed plates). 

Nicolás Schóffer has executed this spatial 
composition in Steel and duraluminum. into 
which an electtonic brain. developed by the 
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Philips Company. has been incorporated. 

The whole is set on a base mounteci on four 
rollers, which contains the mechanism and 
the electronic brain. The platas are operated ¡ 
Iry smal! motors located tinder their axis. ' 
Plioto-eleetiio cells and a microphone built 
julo the whole cateh all the varíations in the 
ftelds of colour, light intensity and sound 
intensity. 

All these changas occasion reactions on the 
part of the sculpture consisting of combinad 
travel and animation. For example: it is exct- , 
ted by the colour blue, which meaos that it 
moves forward, retreats or makes a quick 
turn. and makes its plates turo fasí; it be- ! 
comes calm with red. but at the same time it 
¡s excited by silence and calmed by noise. It 
is also excited in the dark and becomes calm 
in intense light. ¡ 

Inasmuch as these phenomena are con- j 
stantly variable, the reactions are Itkewise | 
ever changtng and unpredictable, which en- 
dows the mechanism with an almost organic 
life and sensitivity. 



j Scanner by James Seawright 

i A cybemetic sculpture. which Seawright made in New York in 1966. It is 70 inches high and 105 
1 incites wide. It is constrncted with metal, plástic and electronic parís. 



Albert 1967 by John Billingsley 

The sensing mechanism uses modulated light 
to obtain a 'turn left' or 'turn right' signal. The eyes 
are made to flicker in antiphase, and the 
reflected light is picked up by a photocell in the 
mouth. The signal is then amplüied, filtered 
and demodulated, and used to drive the motor. 

If more 'left hand' light than 'right hand' light 
is seen by the photocell, the motor turns the head 
to the left. 






















The Honeywell- 
Emett 'Forget-me- 
not' (peripheral 
pachyderm 
Computer) 

The Forget-me-not Computer, built in 1966 
in accordance with Livingstone's Law 
(Memory may hold the door but elephants 
never forget) ¡s of pleasing outward appear- 
ance. being delicately constructed of 
bamboo so that ¡t may be placed ¡n any 
executive suite without offence. Among its 
many worthwhile features are a mass- 
memory, where a number of miniature minds 
can think instantly in a clockwise direction 
(influenced by even tinier minds which only 
oscillate); a closed-circuit of activated 
Heavy Water boosts the Main Brain via 


fluid technology. while wrong numbers and 
unworthy thoughts are washed away into 
the Brain Drain. A single Billicycle (instead 
of a tiresome one billion cycies) ferries 
Messages from side to side. 

Two floating electro-magnets. weaving 
among a frenetic fluctuation (or controlled 
mish-mash) of BITS, effect floating point 
Arithmetic. The whole is assisted by a kind of 
inspired snake-charming in the form of 
especially silenced Sonic Control, 

Weaving about at random is the Fenie- 
Meenie-Money-Mo unit. or Random Access 
Selector, upon which gambling is strictly 
prohibited. Two air-cooled circuits are 
mounted in the ears of the Control Head. 
which flap gracefuíly in unisón with the 
waving of the multicore tail. 

Perhaps the most moving fitment is 
Memory Lañe, which offers eight especially 
treasured pieces of personal memorabilia, ¡n- 
cluding the Ancestral Home where Honey- 
well started in 1885, Molher, a sweet oíd 
thermionic vaive, First Love, where positive 


meets negative, ote. etc. 

Memory hele has great difficulty m Hold¬ 
ing the Doors, which open and cióse dis- 
creetly to keep the memories groen, 

Flanking the main body of the machine are 
the peripheral units: on the right being 
F.R.E.D, (Fantasttcally Rapid Evaluator and 
Díspenser) who. wearing a tartarí tie 
(Honeywell Computers are made in 
Scotland) and leaning nonchalantly upon 
bis static-discharge umbreifa, scans the Pro¬ 
gramóte and teases the Forget-me-not witli 
a pre-loaded Information Bun. His digestive 
System is capable of dealing with magnetic 
tape-measures, and it wili be seen that there 
is a buiit-ín set of butterflies to prove intense 
concentration and the fact that he is almost 
human. 
























The Tychotech 


John Cohén 

Tliis apparatus is dosigncd to measure an 
individua] s preference for a particular com- 
binmion of chance and skill on whicli to rely 
in orrler to win a prize. [lie device olfors six 
different chance-skill combinations from 
which to clioose. 

The object of the exercise is to propel a hall 
through an aperture without touching the 
sides. The piayer can select a relatively wide 
aperture in conjunction with a relatively 
small chance of securing a playing hall, or a 
relatively narrow aperture in combinatron 
with a larger chance of securing a playing 
hall. The width of the aperture is regulated 


by the piayer himself. He must determine a 
width such that. in twelve attempts at pro- 
pelling a hall through it, he will succeed no 
more tfian: 

(A) twice 

(B) three times 

(C) four times 

(D) six times 

(E) eight times 

(F) every time 

Whichever particular aperture width, (A) to 
(F). he chooses, must be niatched with a 
corresponding choree from six different sets 
of balls. Each set ineludes a different pro- 
portion of playing balls. from which he must 
choose one, without looking, In Set (A) all 
twelve balls are playing balls, so the piayer 
is certain of having a ball to propel. Set (B) 
contales 8 playing balls in 12; Set (C) con¬ 
tatos 6 playing balls in 12, and so on. 

The narrower tfie aperture the bigger 
correspondingly is the proportion of play¬ 
ing balls. 

In experimenta! triáis, prizes are given for 


success. The eguipment has been devise 
to study the hypothesís that different peopl 
are atiracted to ganible in situations whici 
variously depone! on a predominant elemen 
of chance (or luck) and a small element o 
skill or vice versa. Experiments suggest tha 
the preferences expressed tiy subjeets ir 
playing on the Tychotech reveal their dis 
position lo respond in a particular way in . 
variety of other situations in evcryday hit 
It ¡s thus of diagnostic significance. 



Tychotech 

-an experimental device for measuring 
preferences for different chance-skill 
combinations. 

Operating mstrucuons 

You have to try and propel a ball through a gap. 
You yourself can decide how wide the gap should 
be. But the wtder the gap you choose, the smailor 
your chance of having a hall to propel. because 
thetu aro tvvo kinds of ball: playing balls and non- 
playing balls. And you will have only one 
opporlunity of rotimg the ball. if you pick a 
playing hall The playing balls are hiue. the non- 
playing balls aie bright Steel. 

Heio aie sí\ cumpartments from which to select 
a ball. A. 8 C, D. £ and F. if you choose 


compartment A, you must make the gap such that 
in 12 attempts you thinkyou will succeed twice, 
but not more than twice. You can combine a 
gap of this width with the certainty of having a 
playing ball, because all 12 balls in compartment A 
are playing balls. 

In 8, 8 out of the 12 balls are playing balls, and 
you must fix the gap such that you think you will 
succeed not more than 3 times in 12 attempts. 

If you preíer B, choose a ball from compartment 
8 without looking. 

in C, 6 out of the 12 balls are playing balls, 
and the gap must be such that you think you will 
succeed not more than 4 times in 12 attempts. 

If you preíer C. choose a ball from compartment 
C without looking. And so on. 

In fací all six choices have the same 'probabihty' 


of success. The point of the experintent is to 
probe your choice of means for arriving at the 
same end. Do you preíer rewards to come as a 
result only. or largely, of the skill you exercise, 
which is within youf own control, or do you prefer 
to reiy mostly on chance, which is outside your 
control ? Would you prefer to hazard your life or 
future on a situation which calis for little skill 
on your part and in which chance is decisive or. 
instead, would you rather reiy on your skill and 
depend as little as possible on your own chance? 

The situation in front of you is one in which the 
two elements, skill and chance, can be nicely 
adjustod. so that it is possible to weigh one skill - 
chance combination against another. 
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Twin pendulum harmonograph constructed by 

i. Moscovich. Director of the Museum of Science 
and Technology sn Tel-Aviv. 

Features: 

1. Angle of arm carrying the pencil 

2. Extensión of arm carrying the pencf! 

3. Bevolving board holding the paper 

'^-Changeable lengths of penduiums 
Variable amplitudes 

Tlie machine is simple in construction and easily 
controlled so that a skilled operalor can make 
compositions as bíg as 30 y 30 inches. 


The pendulum- 
harmonograph: a 
drawing machine 


Ivan Moscovich 

In 1951 I began experimenting with different 
mechanisms for drawing mathematícal 
curves, with the objective of croating 
abstract designs of a more advanced or 
complex degree than those already existing. 
These experiments were part of a wider in- 
vestigation into designs and patterns based 
on natural forms. curves created by physical 
forces, lines expressing mathematical func- 
tions, etc. As a result of testing different 
types of ¡nstruments and machines used for 
recording 3ncf drawing, I developed and con¬ 
structed an advanced versión of a twin- 
pendulum harmonograph. This is now 
displayed at the Museum of Science and 
Technology in Tel-Aviv, 

The curves drawn by the machine are 
known as Lissajous’ figures and their 
modifications. They are named after the 
French physicist who. about a century ago, 
first demonstrated a mechanical device 
describing these lines, which are graphic 
records of periodic oscillations. The demon- 
strations of Lissajous and bis successors 
fascinated audtencesin the drawing rooms at 
the tíme and there exist many versions of 
machines recording Lissajous figures. Tfie 
instrument developed by me differs from 
these mainly through ¡ts simple construction 
and ease of control. 


The luirnionograph itself consists of tvvo 
penduiums about three metres long. free to 
oscillate on ball bearings, eachwith a heavy 
weight which may be shifted to different 
posttions afong the shafts. thus altering the 
centre of gravity and with it the effective 
length of the penduiums. A board holding 
paper is affixed lo one of the penduiums. 
This can be made to revolve ín both direc- 
tions whíle the machine is in action. its 
speed being controlled by a rheostat. The 
other pendulum carries a lever with a pen 
holder with the pen exerting constant pres- 
sure towards the drawing board. The length 
of the penholder, its angle as well as its 
position on the shaft of the pendulum. are all 
adjustable. Thus one is free to choose the 
starting point of the drawing anywhere on 
the board. 

The forms of the recorded curves depend ort 
different factors: 

a) the length of the penduiums 

b) their positions relative to each other 

c) the amplitude of the oscillations and 

d) their periods 

All these are freely determinad, thus making 
possible an infinite number of compositions, 
each of them producing different patterns, 
Silky moiré effects, unobt3Ínable by other 
rnethods, are achieved by repeated over- 
lapping of the lines. 

After affixing the paper, the penduiums are 
set in orie of the infinite number of possible 
combinations of all variable features and re- 
leased to oscillate in relation to each other. 
Tíre longer the periods of oscillation. the 
closer together are tfie lines; the bigger the 
amplitude, the larger the dimensions of 
the figures. They dirninish in size as the 
amplitude of the swing dies away. 










Limitations and 
general design 
features of a 
pendulum drawlng 
machine 

John Ravilious 

The machine was originaliy designed with 
the idea of producing all-over repeat wall- 
paper patterns, but the prototype showed 
that this would be impracticable. Such a 
machine would work, but it would only be 
capable of producing one standard pattern. 
It was then decided to build a simple single- 
pattern machine to see how this would 
opérate. This machine consisted of a swing- 
ing board on which the paper ís placed and 
a sepárate swing bar with ihe pencil, 
The board swings with two motions: 1. a 
basic circular motion and 2. another rotary 
swing at double the frequency. The pen 
swings over a small distance at four times 
this frequency. 

The board is driven by the free swing of a 
lieavy weight and the pencil arm by a 
solenoid. (This is necessary because such 
high oscillatory speeds slow down at a 
higher rate when ídeally al! motions should 
cease at the same time). This machine works 
very well and large drawings are easily pro- 
ducod, although the slight movement of the 
pen makes starting and stopping difficult. 
There are various patterns which can be 
produced depending on tire phasing of the 



various motions at the starting point, and 
differences occur if the two second har- 
monic motrons both lead, or lead and lag. the 
primary motions. Most of these factors are 
controlfable so that a good pattern may be 
repeated approximately. The rate of lead and 
lag is important and this can be adjusted in 
the one case by moving an adjuster weight 
and in the other by altering the pendulum 
arm length. (These adjustments are made 
before the drawing is started). 

Unfortunately the number of radically 
different patterns is limited by the number 
of significant phase shift settings that are 



Dioxinioirékinésis 

by Irving John Good and Martine Vite 

This model brings together severa! sepárate ideas: 
the random combination ol putsuit mangles 
(Mathematical Gazmie, 1959). moiré effects, and 
kinetíc art. The result is a pulsating oiganism tn a 
black box. The prefix 'Dioxi-' ¡s Greek for 'puisuit'. 

Good's Dream Figure by Irving John Good 

This space-filfiiifl structure occurred in a vivid 
dieam in 1957. The ccmstruction consísls ontirely 
of allernation of iriangles and octagons. and leads 
to an infinite set of spheres with Ihree niulually 
perpendicular tunnels tunning [hrough eacli of iliem 
Kittens like to crawl from one sphere to another. 
The structure turnad out to llave crystallographic 
¡nterest and is mentioned by tfte chemist A. F. 

Wells in Acia Crystallograp/nca (1963). 

Latcr additions were the dog collars and the 
captured icosahedron. The lutter will be seen by 
chemists lo correspond to a clathiato combination. 
physical capture without Chemical bond. 


possible between the three movements. 
The actual number of totalíy different 
drawings possible is roughly fifteen, and this 
is not a very large number. but by super- 
imposing to produce greater complex inter- 
ference effects this number increases two 
hundred or more. 

To sum up, this machine is easy and simple 
to use and can produce a reasonable range 
of patterns which can be repeated. It can also 
do large designs of variable complexity 
which might be suitable for framing as 
decorative works of art. 























The Henry drawing 
Computer 


D. P. Henry 

i This machine is intended for use eitlier as an 
sidm producing drawings, or as a producer 
! of completed drawings. In thefirst case (used 
as an aid) the marks produced by the 
machine may be accentuated or interreíated 
at certain points by means of the artist's 
handiwork. In the second case (producer of 
completed drawings) no liand-modifications 
are added. 

Basícally. the apparatus is a modified 
mechanical analogue Computer, originally 
operated by two efectric servo-motors and 
1 air-pressure. The air-pressure sections are 
not in use, and two further motors llave been 
added. 

■: Drawings are produced by combinations of 


pen movemcnt and lable-movernent (tiro 
paper whicti receives tire drawing being 
attached to the tabíe). Tire pen is moved in 
elliptical paths of various dimensions. and 
harmonio table-movements distort the 
ellipses at selected points, at tire same time 
shifting the paper in a curved path. The 
method of paper-shifting and ellipse dis- 
lortion is sucli as to introduce varied degrees 
of randotnness into the designs, thereby 
ensuring that no two are exactly alike. 
Arrangements for the regular lifting and 
lowering of the pen, so as to interrupt what 
would otherwise be a unicursal design, are 
incorporated for use if required. The in- 
finitely many choices of dimensión, distor- 
tion, paper-direction, and combrnation of 
various patterns on the same slieet of paper 
provide the artist with a flexible tool for the 
production of drawings possessing a fine- 
ness whlch the unaided hand could not 
achieve. 

Pen arms of dlfferent lengths, and tables of 
varied sizes, are available. 

Experience gained wlth this prototype sug- 
gests that a special-purpose machine, rather 


tiran a modified computei. witl constitute the 
most profitable íulure-development. 
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Amor-Voiuptas- 
Pulchritudo 1966/68 


Ken Cox 

lince ni eme and one m three-trilogy 
mpiych-ctassically the concepl oí love at 
Ihe time oí the fusión oí meciiaeval and 
renaissance thinking : Venus as the embodi- 
ment of the interaction betwoen tttreo parts, 
passion, love and beauly-all constantly 
changing m detail yet remaining funda- 
mentally the same. 

AMOR the unifymg ¡nfluence. tfiat which 
umtes the changing. unpredictable ele- 
ments in VOLUPTAS and PULCHRITUDO 
-the graces as dancing figures, turning and 
intorweavmg, exchanging symbolic ges- 
u¡res tuvo as passion fued hy benuty. 

Voluptas swings towards Amor. Amor 
transfers tiro gestare to Pulchritudo, 
Pulchritudo returns the gestare to Arnor 
and thus retuins to Amor the tire which 
origmally carne from Voluptas. Amor re- 
inforced by Pulchritudo becomes the only 
possible link between the other two ele- 
ntents. 



Amor, formed spatially from a double 
helix, stands before its own two-dimen- 
sional image and rotates as a unit at a con- 
stant slow speed. Voluptas stands before 
its own two-dimensional image and takes on 
the form of eight spatial free-running rotors 
superimposed on a common vertical shaft 



controlled clectronically by a programme of 
two hours’ duration. Pulchritudo. agaii 
before its own two-dimensional image, has 
a slow, sedate mtermittent movement con 
trotled by eleven small motors spacea 
equidistant on a vertical shaft forming its 
core. 


Cybernetic 

introspective 

pattern-classifier 


flash of a pattern which plants an image on 
the retina in such a way that ¡t can be seen, 
with eyes closed, fot one or two minutes. 
Since the image is fixed on the retina, eye- 
movements are irrelevant. and the perceptual 
system collapses as described above. The 


pattern can be seen to fragment and change 
¡ts form, and these forros are probably the 
basic perceptual units used by the brain in 
recognising the pattern. This exhibit there 
fore allows peopie to watch their own cere¬ 
bral processes actually in action. 


Christopher Evans 

A sustained image of the visual world around 
us is maintained by the brain's continual co- 
ordination of a great flux of varyíng sensory 
input. Much of this co-ordination is achieved 
by the series of voluntary and ¡nvoluntary 
eyemovements which serve to sean the 
image of the pattern across the retina. 
When these eyemovements are eliminated. or 
controlled a remarkable collapse of the 
perceptual procesa occurs in which visual 
patterns dísintegrate-but in non-random 
fashion, and according to 'rules' which ap- 
pear to be common to all humaos. The device, 
which we havo called the CYBERNETIC 
INTROSPECTIVE PATTERN-CLASSIFIER- 
becauso that is as good a description as any- 
is not really the exhibit itseif: it ¡s by means of 
this device that the human brain can be 
turned into its own exhibit. Peopie looking 
into the CIPC vvill be given a bnef. bright 


The cybernetic introspective pattern-classifier; 48 inches lo.ng. 20 inches wide 
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Combinatoria! 
geometry 

Raymond Connor 

Combinatoria! geometry belongs to a branch 
of mathematics calted COMBINATORIA!- 
ANALYSSS, which is the study of combina- 
tions of numbers or quantities of th'rngs. 
Professor S. W. Golomb of the Jet Propulsión 
Laboratory, (Californian Inst. Tech.) a lead- 
¡ng figure in combinatoria! theory and the 
inventor of the Polyomino. speaks of the ever- 
increasing importance of digital computers in 
modern technology as having revived a 
widespread interest in combinatoria! anaiy- 
sis-a subject. he says. that aiso has had 
¡mportant applications in such scientific 
fields as circuit design. coded Communica¬ 
tions. traffic control, crystallography, and 
probability theory. 

Here are a number of the more visualty ¡n- 
teresting problems which have been solved 
by mathematicians employing theoretic and 
modern computational methods. 

Dissection of rectangles into squares 
A rectangle dissected into N>1 non- 
overlapping squares is called a Squared 
Rectangle of Order N\ The N squares are the 
e/ements of the squared rectangle; the term 
’elements' is also used for the lengths of the 
sides. A squared rectangle that does not con¬ 
tato a smaller squared rectangle is called 
'simple'. If the elements are all unequal, the 
squared rectangle is called ’perfect ; all other 
squared rectangles are '¡mperfect'. 

Progress was made in this field when a 


group of mathematicians succeeded in 
separating the topological part from the 
metrical part of the problem. The topological 
part of the problem appeared to be related to 
the theory of linear graphs, whíle the metrical 
part proved to be connected to the theory of 
current flow in electrical networks. 

A squared square- Bouwkamp codes: 23t T C T 25 
79 104 87 6 35 68 32 3 22 60 7 15 31 8 17 138 23 


The prográmeles written in ALGOL wert 
translatecl into PASCAL (Phillips Automatic 
Sequence Calculator) code, The Bouwkamp 
Codes' are used in the construction of the 
models, terminology being preserved 
througliout for the dissections of squares 
and cylinders. 

373 . 373 FF 2 373 1 148 105 120 43 62 41 

121 114 


Automatic mechanical 
self-replication 


£l|r.«nl» in neutra! 


Lione! Penrose 

Pieces of materia!, analogous to moSecules, 
are placed on a track. When a pair of pieces 
¡s assembled in a particular way they can act 
as a seed and communicate with other 
pieces. which respond by linking up in a 
similar way. The energy to make this trans- 
f ormation is supplied by shaking forwards and 
backwards along the length of the track. In 
52 


the absence of assembled pieces, the ap- 
plication of this energy does not cause 
linkage. This demonstratíon. in which two 
different kinds of assembly are possible. 
shows what can be called the programmirig 
of a crystal by a specilic seed. 

It represents an analogue of a baste prin¬ 
cipie of self-replication. 

















Computer poems and texts 


Computer texts 


Marc Adrián 

r'To me the neutrality oí the machine is of j 
great importance', writes Adrián, it allows , 
the spectator to finó his own meamngs ,n the j 
assoclation of words more easily, smce j 

cholee, size and dispositlon are determmed 

at random.’ ,. ¡ 

He has been making his experiments at the , 

Vienna Instilóte for Advanced Stud.es . using 
IBM 16-20 II. with the help oí Dipl Ing. . 
Wegscheider and J. Kritz.] j 

CT2 1966 I 

Programme instructíons for this were as j 

f °| ll °Select combinations of words and syi- 
lables which make sen se and which can 
be made from the following typographi- 
cal elementa: l|oc (a vertical uninter- 
rupted either above or below the Ime and 
a completed or an interrupted circle). As 
far as type was concerned in this 
instance Helvética was used without 
espitáis. Words could be in either Ger 
man. English or French. 

Select from storage twenty words at 

random. , . ,„ 

Select at random a size for each of the 
words chosen-14. 36 or 84 pomt. 


2 . 


3. 


pop 


do 


poop 


potdo 


p ool 


polo 


colpo 


loco 


poop 















Computerized 
Japanese haiku 


These aro examples. produeed by on-line 
man-machine interaction at t!ie Cambridge 
Language Research Unit, of one use of a 
Computer for producing poetry. The pro¬ 
grámete ¡s written in the TRAC language. 

The programme is a frame with 'slots' in 
which the operator types words. In '1 PoervT 
and '2 Poem', the operator chooses his 
words as he wishes. In the two '3 Poem' 


exhibits his dioico is onnstiíiiuod hy (lio iods 
and airow directions criven in the thesaurus. 
By using these anows, n semantic scliema of 
ttie haiku can be built up (see diagram) 
which shows that tho semantic centre of the 
poem-with five arrows going to it and one 
going from it-is situated at slot No. 5. 

These poems were produced by Margaret 
Masterman and Robin McKinnon Wood 


Slot 1 

(—►4) 

(—6) 

Slot 2 
(—y 5) 
(—>6) 

Slot 3 

(—*■ 5) 

White 

Buds 

See 

Blue 

Twigs 

Trace 

Red 

Leaves 

Glimpse 

Black 

Hills 

Flash 

Grey 

Peaks 

Smell 

Green 

Snow 

Taste 

Brown 

Ice 

Hear 

Bright 

Sun 

Seize 

Puré 

Rain 


Curved 

Cloud 


Crowned 

Sky 


Starred 

Dawn 

Dusk 

Mist 

Fog 

Spring 

Heat 

Coid 



3 POEM 

THE SEMANTIC SCHEMA 


Slot4 Slot5 S lot 6 

{-*6) (—8) ( ->2) 

(— > 7 ) 


Snow 

Trees 

Spring 

Tal! 

Peaks 

Full 

Palé 

Hills 

Coid 

Dark 

Streams 

Heat 

Faint 

Birds 

Sun 

White 

Specks 

Shade 

Clear 

Ares 

Dawn 

Red 

Grass 

Dusk 

Blue 

Stems 

Day 

Green 

Sheep 

Night 

Grey 

Cows 

Mist 

Black 

Deer 

Trees 

Round 

Stars 

Woods 

Square 

Clouds 

Hills 

Straight 

Flowers 

Pools 

Curved 

Buds 


Slirn 

Leaves 


Fat 

Trees 


Burst 

Pools 


Thín 

Drops 


Bright 

Stonas 

Bells 

Trails 



(?)_tN THE (2) 


Slot 7 

Slot 8 
(.5) 

Slot 9 
( —* 5) 

. ( - • 8) 

Bang 

Sun 

Ffit 

Husli 

Moon 

Fled 

Swish 

Star 

Dimmed 

Pffftt 

Cloud 

Cracked 

Whizz 

Storm 

Passed 

Flick 

Streak 

Shrunk 

Shoo 

Tree 

Smashed 

Grrr 

Flower 

Blown 

Whirr 

Bud 

Sprung 

Look 

Leaf 

Crashed 

Crash 

Child 

Crane 

Bird 

Plañe 

Motil 

Gone 

Fogged 

Burst 


1 Poem 

eons deep in the ice 
I paint all time in a whorl 
bang the sludge has cracked 

2 Poem 

eons deep in the ice 
I see gelled time in a whorl 
pffftt the sludge has cracked 

3 Poem 

all green in the loaves 
I smell dark pools in the bees 
crash the moon has fted 
I 3 Poem 

all white in the buds 
I flash snow peaks in the spring 
bang the sun has fogged 


ALL_ 

1 . © . 

- © - 


-(4)_(?)_IN THE — (5) 

-THE-(?)-HAS_(?) 



* The star indícates a double linkage. For the system to be computable, only one ot 
the arrows starred must be chosen. 
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Computer poetry 
from CLRU 


Robín McKinnon Wood and 
Margaret Masterman 

Outpui resulting from a bug m the seg- 
n tema non pn tgrat time 
ibis programme is designad to cut continu- 
oos texl into 'Phrasings' conespondmg 
¡o the rhyihmtc dívisions of speoch or 
spoken pióse. íhese units usually inelude two 
stiess-points and a terminal mtnnaiion 
(catuie. foimmy breuth-yioups vvhidi are 
also sonso gioups 

I lie phonelie uvidence and its lelevanco to 
silonl roadmg was siudied by David Sbillan, 
the generalization of a two-stressed struc- 
luie as a somanlic form is tlio woik of 


Margaret Masterman. The segmenlation pro¬ 
gramme, which in effect simúlales human 
poiooplion oí Ihese phrasings, is by John 
Dobson at the C1..RU. Títis output was pro- 
ductíd by the Titán Computer at Cambridge. 
In the case of tliis particular output, a bug in 
the programme eífectively randomizecJ tile 
text given to it. We think tliis was caused by 
the programme takmg as its text tile first 
wuid un oach hile of (he given text, Imt wtr 
are not snre as we failed to make the pro¬ 
gramme do it again. At any rate, lilis 'poem' 
is all the computer's own work! 

Joh Title (JED744/Phrastng) 10 7 67 
Stream 1/0 (Phrasings) 


1/0/1 

f 

1/0/2 

development at the point normal 
homemakof 

1/0/3 

llutt extensivo setvice 

1/1/1 

as a Itomumakor 

1/1/2 

visiting there 

1/1/3 

homemaker 


1/1/4 

tlie people 

1/1/5 

of them tfie 

1/1/6 

in the 

1/1/7 

íhese authorises Services 

1/1/8 

them 

1/1/9 

the for tlie the deliberations 

1/2/1 

tt kingdom associations 

1/2/2 

by the fifty to the development 

1/2/3 

people natural largar 

1 /2/4 

we 

1/2/5 

organisatioris cities, 

1/2/6 

we 

1/2/7 

wolfare whole provided 

1/2/8 

quite 

1/2/9 

senator for a 

1/2/10 

for mneteen 

1/2/11 

provide to focus 

1/2/12 

in tfie need 

1/2/13 

the 

1/2/14 

sume years 

1/2/15 

was is, 


Tape Mark I 


Nanni Balestrini 

The basic text is made up of iliree extraets 

taken from: 

(1) Michihito Hachiya's Hiroshima diaty. 
the blinding fireball expands rapidly 
tfiirty times brighter than the sun wben 
it reaches the stratosphere the summit 
of the cloud takes on the we!l known 
mushroom shape'. 

(2) Paul Goidwin's The mystery of the 
eievator: 'head pressed on shoutder 
hair between lips lay motionless wifh- 
out speaking till he moved bis fingers 
slowly trying to grasp'. 

(3) Lao Tzu s Tao Te Ching: 'while the 
multitude of things comes into being I 
envisage their return altliougb things 
flourish they all return to their roots'. 

The working instructions for the Computer 

are as follows: 

(a) Make combinations of ten elementa 
out of the given fifteen, withotit per- 
mutations or repetitions. 

(h) Construct chains of elements taking 
accoimt of the head-codes and end- 
codes. 

(c) Avoid juxtaposing elements drawn 
from the same extract 

((/) Subdivide ttie cfrains of ten elements 


into six lines of four metrical units each. 
The work of programming was on 322 
punched cards, witli 1,200 instructions to the 
machine; flowehart is illustrated. The futí 
experiment was performed on an IBM 7070 
Computer at the Electronic Centre of the 
Lombard Provinces Savings Bank in Milán 
in October 196). 

FIow chart for Tape mark / 



In the final text there are a few small 
editorial changes in points of grammar and 
punctuation. The results of tliis experiment 
were published for the first tíme in the 
Bompiani a/manac in 1962. 

(translated by Edwin Morgan 
from Come si agisce) 

Tape mark I 

Head pressed on shoulder. thirty times 
brighter (fian the sun I envisage their return, 
untíl he moved his fingers slowly and wíiile 
the multitude 

of things comes into being, at the summit 
of the cloud 

they all return to their roots and take on 
the well known mushroom shape 
endeavouring to grasp. 

Hair between fips, they all return 
to their roots, in the blinding fireball 
I envisage their return, until he moves his 
fingers 

slowly. and although things flourish 
takes on the well known mushroom shape 
endeavouring 

to grasp while the multitude of things 
comes into being, 

In the blinding fireball I envisage 
their return when it reaches the stratosphere 
while the multitude 

of things comes into being. head pressed 
on shoulder, thirty times brighter than the 
sun 

they all return to their roots, hair 
between lips takes on the well known 
mushroom shape. 
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They lay motionless without speaking. 
thirty times 

brighter than the sun they all retum 
to their roots. head pressed on shoulder 
they take on Ihe wetl known mushroom 
shape endeavouring 
to grasp, and although things flourish 
they expand rapidly, hair between lips. 

While the multitude ot things comes into 
being ¡n the blinding 
fireball, they all return 
to their roots, they expand rapidly, until he 
moved 

his fingers slowly when ¡t reached the 
stratosphere 

and lay motionless without speaking, 
thirty times 

brighter than the sun endeavouring to grasp. 

I envisage their return, until he moved his 
fingers 

slowly in the blinding fireball, 
they all retum to their roots, hair 
between lips and thirty times brighter than 
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CHI MANCAVA OA UNA PARTE ALL AURA $t LIBRA AD AL I TESE 
ASPETTANDO CHE FINISCA L ARIA DA RESPIRARE FACENDO FINTA 
LE PAROLE NON DETTE NELLA BOCCA ?IENA DI SANGUE TUTIO TACE 
FINO AI CAPELE 1 APP1CCICA ALLA PELLE NON CAPITERA HA! PIU 
LO SGOHBERO DELL A NEVE ORA GIALlA ORA VERDE NESSUNO VOLEVA RESTARE 

ATTRAVERSAMDO flOCCONI LA DISTANZA ESATTA PER FARNE A HENO 
LA FOLIA C AMMI NAVA ADAGIO NON CAPltERA HA I PIU LE DITA IMHERSE 
HEIL ISTANTE INATIESO NONIACI SOPRA ORA GIALLA ORA VERDE 
L ARIA DA RESPIRARE ASPE!TANOO CHE FINISCA I PASSI NECESSARI 
FINO Al CAPELU l ESTATE FU CALDA NELLE NOSTRE IENEBRE 


the sun 

lay motionless without speaking, they 
expand 

rapidly endeavouring to grasp the summit. 

Nanni Balestrini (1962) 
translated by Edwin Morgan 


turto I&CE NELLA BOCCA P1ENA OI SANGUE LO SGOHBERO OELLA NEVE 
SU ti)t f A LA SIRADA I PA5S t NECESSARI PERCHE NON ENIR INO I LEON! 

Si LIBRA AO AL I IESE 5ULL ERBA FUORI L ESIATE FU CALDA 

NON CAPI[ERA HAI PIU LA FOLLA CAHMINAVA ADAGIO OA UNA PARtE ALL AL IR! 

I ARIA OA RESPIRARE FACENDO FINIA IHH08ILI GIORN! 

ORA GIALLA ORA VERDE MONTACI SOPRA FINO AI CAPELE! 

NESSUNO VOLEVA RESTARE 04 UNA PARIE ALL ALTRA \l IENDINE £ SPEZIATO 
PER FARNE A MENO SPUTA ANCHE ti MIELE fACENOO FINTA 
1 PASSI NECESSARI SU IUTTA LA SIR ADA LA DISTAMZA ESATTA 
NON CAPITERA HA1 PIU LE DITA 1MHERSE GUARDANDO BENE 


A sheet from 
'The house', a 
Computer poem 

Alison Knowles and James Tenney 

The Something Else Press is working on 
compiling a book Fantastic archiiecture. 
Alison Knowles had been attending sonre 
lectures by James Tenney on Computer 
programnring. Togother Ihey made ttris 
poem which will be her contributíon to the 
book. Four categories are set up: materials, 
situations. lighting and inhabitants. Each 
description occurs by random meetings of 
one elemerrt from the four categories. This 
is a fragment of tire complete programme 
wliich would run for hundreds of houses if 
all the possibilities were exfiausted. One of 
tírese Irouses will be built in New York City 
in the conring year. 
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Note on simulated 
Computer poems 

Edwin Morgan 

Although I am interested in real Computer 
poetry (and art and music). my special con¬ 
cern in these poems has been to take an 
ironic but not antipathetic look at the rela- 
tions that will exist between Computer 
creativity and human creativity. the challenge 
to the second from the lirst, the probabílity of 
a new approach to at least somo aspects of 
poetry, even a delibérate emulation of the 
so-called blunders or digressions which at 
times arise (one would say) creativeiy within 
a Computer context (eg. there is a Computer 
translation of Pasternak's poem Hops which 
is not even idiomatic English but is on several 
counts nearer 'poetry' than the published 


translation by Max Hayward, and tltis sug- 
gests some quite far-reaching questions). 
My use of irony or comedy in most of these 
pieces was conceívod as the best way of 
drawing attention lo some of the human/ 
efectronic relationships which will have to 
be ¡nvestigated. 

The Computer's first Chrístmas csrc/makes 
use of an obvious formal grld in each line 
(two words each having consonant-vowel- 
double-consonanl-y) and at the same time 
suggests that the machine is scanning a 
semantic as well as formal store' (all the 
words relating somehow to the context of 
Chrístmas cheer). It is a goal-seeking poem 
which rnisses its goal finally but in the pro- 
cess discovers (as a machine might) an 
acceptable equivalent (chrysanthemum as 
emblematicgood-luckflower, also as a ílower 
one might buy or give at Christmas-time). 

The computer's second Chrístmas card 
and The computer's first birthday card are 
variations on the basic approach described 
above. Bosh are goal ■ seeking. The first has to 
find the carol Good King Wences/as, fails to 


do so because of mechanical íaults (with 
just a touch of semantic voluntarlsm in the 
outriders on Steptoe and Son, good-class 
wenches. etc.), and has to fall back on a 
straight Chrístmas greeting which neverthe- 
¡ess ¡t gets wrong until finally corrected. Like 
the Birthday card. ¡t presents a true servo- 
mechanism which can corred itself as it 
proceeds. Since the message here ¡nvolved a 
narrative and not a mere phrase, I set it out ín 
the conventional five- letter pattern used for 
coded messages. The Birthday card will be 
self-explanatory. 

The computer's first code poem, with 
rhyme. is different. This is a reminder that 
electronic computers developed out of work 
in advanced cryptography during the second 
world war, and it is also a metaphor for the 
fact that a poem itself can be regarded as a 
coded message. My code, though not hair- 
raising, ¡s not exactly translucent. Amateur 
cryptographers, with or without computers, 
are invlted to 'find the poem', which is I 
believe the first to have been composed in 
this form. 


1 Computer's first Chrístmas card 

2 Computer's second Chrístmas card 

3 Computer's first code poem 


t 


2 


3 


jollymerry 
hollyberry 
jollyberry 
merryholly 
happyjolly 
jollyjelly 
jellybelly 
bellymerry 
hollyhappy 
jollyMolly 
marryJerry 
hoppyBarry 
heppyJarry 
boppyheppy 
berry jorry 
jorryjolly 
raoppyjally 
Mollymerry 
Jerryjolly 
bellyboppy 
jorryhoppy 
hollymoppy 
Barryroerry 
Jarryhappy 
happyboppy 
boppyjolly 
jollymerry 
merrymerry 
merrymerry 
rserryChrie 
ammerryaaa 
Chriaraerry 
asMERRYCHR 
YSAKTHSKUM 


goodk kkkkk un.lam 
lassw anche sking 
goodk ingwe nceal 
tonth effff rewri 
tonth effff fffff 
utaal ntrew rlte f 
etart arrain good? 
doubt wrong track 
kedou tonth efeao 
repea tun.ja mhphp 
lstop eubst Itute 
earin 1699? check 


ingwe nohes lasa? 
start again kinga 
ooked outaa thef? 
tenow goodk ingwe 
un.jam feast ofsai 
aaato fatap toeao 
yeag o odkin gweno 
atart again goodk 
tofat ephph phphp 
aorub oarol hphph 
traok merry ohria 
digit banka orry i 


atart again goodk 
tartl again aorry 
unmix asloo kedou 
noeal asloo kedou 
ntate venat efano 
rry an daona orry t 
ealaa looke dout? 
ingwe noeal aaloo 
hphph un.lam phphp 
repea tacru boaro 
tmaaa ndgoo dnewy 
nl966 endme aaage 


TEYZA PRQTP ZSNSX 
X3EVK JC3PV USHCV 
TSRVY CPEZP ÜZFRV 
HFOPK DZYJR TYPPA 
VEQBT DEQJZ W3ZZP 
KYUAX BSRWP PIFQZ 
BQRSD VQTSE TQEVK 
TQRXQ PVEFV LYZVP 
VYUSD TYVVY PVSZZ 
PJQBT GYFES JQ3ZP 
TFRHP VCEYJ TZQSR 
HCYPV CQSHF AU3VP 


03RMY VCFBO VJSDA 
RFBOP OZQDVÍ EAOAD 
PTFEP FRXAE OFVVA 
PVYBT OAZYJ UAOAD 
WSRWK UAEYU LYSRV 
QOYtíA KFDDQ PCYYV 
FTARX V30SQ BYFRX 
HSEPV TFBQP QHYYV 
PCYJP FRDFV QYEVQ 
QTTQZ DQRQZ VQUSP 
JYEXP QOYFV XCYJP 
QTSRM GYYSX VQUSP 
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Automatic sentence 
generation 


Jean A. Baudot 

Sentence generation is performed by pro- 
gramming a Computer, which at present is 
capable of generating and printing out 200 
sentences a minute. 

The programme is basically a mathematical 
mode! of simplified French grammar, having 
at its disposal a dictionary of a few thousand 
words classified in conventional grammatical 
categories (nouns, verbs, adjectives, etc.). 

The generation of a sentence is performed 
in three steps as follows: 

1. A sentence structure is generated to- 
gether with information about tenses of 
verbs, gender and number oí nouns and 
adjectives. kinds of clauses (principal or 
subordínate), kinds of objects (direct, 
indirect. other), etc. This structure acts 
as a mouid which, while syntacticaHy 
correct, will have to be filled with actual 
words: onlyword-categories are índica - 
ted. 

2. Words are selected from the dictionary 
within their corresporiding categories 
and inserted in the structure. 

3. Grammatical rules are applied to 'poíísh' 
the spellíng (gender and number con- 
cordances. etc.). 

The sentence ¡s then printed and another 

one is generated. 

It is ímportant to poínt out that steps 1 and 


2 are random. In step 1, the structure selected 
is diosen at random among a very large num • 
ber of syntacticaHy correct structures per- 
missible by the theoretícal grammar model. 
In step 2, words are selected at random 
within their categories in the same way as 
one would choose a number by spinning a 
roulette wheel. 

The final output consists of grammatically 
correct sentences where word occurrences 
are purely accidental. There ¡s no way of 
predicting what kind of sentences will be 
generated. or what words will be associated. 

In trying to discover a meaning in these 
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artificial sentences. one feels that many seem 
completely nonscnsic.nl, and this is notmally 
so. In several instances. howevei, accidenta' 
word-associations produce a stylistic effect 
which can have aesthetic valué. It would be 
impossible to perforen such a task ourselves. 
because man is essentially opposed to 
randomness and incapable of behaving or 
performmg in a random fashion. 

¡Description of automatic sentence genera- 
tion. from Jean A. Baudot s La machine á 
écrire. published by Les Edítions du Jour, 
Montreat. 1964.J 
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Computer texts or 
high-entropy essays 


E. Mendoza 

Extraéis from two letters from Professor E. 
Mendoza, Physics Department, University 
Co/lege of North Wales: 

'[ did not programme the Computer to write 
poetry: ail it did was to write very boring 
fairy stories which did not satisfy even my 
youngest children. Later, l used the same 
programme to write essays on technical 
physics. which to the iayman were most 
impressive. 1 do not know it you would class 
this as literatura; their style was better than 
58 


that of many text books. bul this does not 
say much. 

'I have heen through my oíd, raiher dusty 
papers and have found the following pages 
which explain the construction of the voca- 
bularies. It is as tf the Computer went along 
choosing one word at random out of each 
box and then stringing tliem togetlier In a 
sentence. You will gather Irom the papers 
that I began by writing “Uttle Grey Rabbit" 
stories where the number of impossible 
combinations of words Is much greater than 
¡n physics essays (wlrere anything goes). I 
tested these stories out on my very small 
children but after some minutes thev grew 
very irritable, because nothing actually 
happened. This shows that even small 
children of three can measure entropy. 

'You might also be interested to know the 
origin of this work. Professor Flowers (no 
less) had at one time a theory that students 


never actually learned any real ¡dea; all they 
learned was a vocabulary of okay words 
which they then strung together in arbitrary 
order. relying on the fact that an examiner 
pressed for time would no! actually read 
what they had written but would sean down 
the pages looking for these words. When fie 
arrived at Mancliester (from Harwelt) he 
took a long cool look at long established 
academic procedures. and he actually began 
to read what students had written : this was 
fiis conclusión. I therefore tried to test this 
hypothesis. The end point was when a 
colleague a! another university secretly sent 
me some first-year examinador! papers a 
week or so before the exam. 3nd I wrote 
suitahle vocabularies (without clieating) and 
copied down what tiie Computer emitted. 
Needless to say i had a speciai answer book 
and a suitable false ñame, and the script was 
slipped in among the genutne ones. Un- 














fortunately it was maiked by a very con- 
scicnnotis man who eventually stormed into 
ihe director's office shouting "Who the hell 
is tins man, why dtcf we ever aclmit him?" 
So perhaps Professor Flowers' hypoitiesis 
was incorrect. Tfiat was all about six or 
seven years ago.’ 

Rules of yrammar incorporated in cliapter I 

1. If two consecutive clauses have the 
same subject, an appropriate pronoun is 
substituted. The very first clause of any 
vocabulary must however stait with a 
proper subject. 

2. In a 'who' clause, the verb must be 
different (rom the main clause. 

3. There is no who' clause if the subiect of 
tire clause is a pronoun. 

4. Títere is provisión for the proper selec- 
tion of an object wften the verb is 
trartsitive, an adverbial phrase wlien 
intransitive. 

5. There is a wide choice of acceptable 
orders of words and pirrases. 

6. Impossible combinations of words (e.g. 
a subject carrying out an impossible 
action) are avoided by the zeros of the 
probability matrices. 

Construction of vocabularies 

The style aimed at is that of the original 

stories which rely heavily on adverbial 

phrases. 

subjects 

random choice of one in 4, Numbers 1-4 the 
first subject demands a different pronoun 
from the other 3 (she; he: they; ¡t). 

verbs 

eight ín number; the first 4, numbers 5-8. 
demand adverbial phrases (called adverbs- 
2) and the other 4, numbers 9-12, demand 
objects instead. 

adverbs—1 

a 50% * chance of being ¡ncluded. They are 
single words which often go before the verb. 
Numbers 13—19. The 50% chance is se- 
cured by weighting location 20, corresponda 
ing to no adv. 1, with a probability roughly 
equal to the sum of the others; with provisión 
for it not to get mixed up with word no. 20. 

adverbs—2 

adverbial phrases. numbers 20-27. 
objects 

numbers 28-34 (35 intended for choice of a 
subject and word as the object of a sentence; 
not built mto grammar). 


* tn vocal). 1 : can be altered by weighting in 
lo canon 20. 


who 

number 35; 'which' for vocabs. with inani- 
mate objecis. 

conjunctions 
numbers 36. 37. 

pronouns 

numbers 38 (corresponding to subject 1), 
and 39 (subjects 2. 3. 4). 

fu II stop 
number 40. 

Vocabulary I 

1 i.ittle Grey Rabbit 

2 Oíd Grey Owi 

3 Squirrel 

4 Haré 

5 scampered 

6 flew 

7 ran 

8 hurried 

9 sniffed at 

10 peered at 

11 ate 

1 2 munched & crunched 
13 then 


14 slowly 

15 quicklv 

16 soon 

17 happily 

18 gaily 

19 noisily 

20 off 

21 over the woods & fields 

22 through the trees 

23 among the treetops 

24 into the house 

25 out of the door 

26 down the patli to the woods 

27 ataout the garden 

28 the house 

29 the hollow Iree 

30 an oíd oak tree 

31 the flowers 

32 two buns 

33 a strawberry pie 

34 six cabbages 

35 who 

36 and 

37 but 

38 she 

39 he 

40 . 


1 LittÉe Grey Rabbit 

2 Oid Grey Owi 

3 Squirrei 

4 Haré 



al 

32 

a3 

a4 



5 scampered 

6 flevv 

7 ran 

8 hurried 

9 sniffed at 

10 peered at 

11 ate 

12 munched 6 
crunched 




a5 

36 

— a7 

- a8 
a9 

— alO 
al 1 

- al 2 


















































Vocabulary 2 

41 the clouds 

42 the sun 

43 the breeze 

44 the sky 

45 moved 

46 drifted 

47 shone 

48 floated 

49 touched 

50 melted 

51 looked down on 

52 warmed 

53 gently 

54 quietly 

55 lazily 

56 softly 

57 calmly 

58 soon 

59 then 

60 by 

61 over the woods 

62 across the fields 

63 through the trees 

64 down 

65 for a long time 

66 across the sky 

67 all afternoon 

68 the grass 

69 the leaves of the trees 

70 the garden 

71 the (lowers 

72 the üttle house 

73 the oíd 03k tree 

74 the treetops 

75 which 

76 and 

77 while 

78 they 

79 ¡t 

80 . 

ProbabUity matrices 

To economize space, the rows of the matrices 
are each written as a single eight-ligure 
number; this is then peeled off into the 
individual numbers by dividing by ten and 
finding the rematnder each time. 

To do this, each eight-figure number is 
made by taking the digits of e.g. vocab. page 
3 and writing them the other way round. 

For exampie a5, the row corresponding to 
'scampered', appears as 51111101. 

1035 Prográmete 4a 

The sun shone over the woods. Across the 
fields softly drifted the breeze while then the 
clouds which calmly floated al! afternoon 
moved across the fields. 

Squirrel who scampered through the trees 
quickly ran off and off noisily rail Little Grey 
Rabbit. She sniffed at the house but out of 
the door noisily hurried Fiare who peered at 
slowly the flowers. Squirrel quickly scam¬ 
pered over the woods and fields but Oíd 
Grey Owi flew over the woods and fields. 
60 


The clouds 
The sun 
The breeze 
The sky 
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moved 

drifted 

shone 

floated 

touched 

melted 

looked down on 
warmed 


DDDDDKID H QDQElÉIOmS I 
nnDDDDiiiinnnnraNNRüi 
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i ■M—iinBCTa wpawpa Pararen 
■■ ra paramara ra ra 

i rara rara rara ran 



Mendoza-Little Grey Rabbit-Prográmete 4a (test versión) 
Double vocabulary 
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77 
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48 
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Down tlie path to the woods ran Hule Grey 
Rabbit who then snifíed at a strawberry pie. 

3503 Prográmate 4¿t 

The breeze driftetl by. Across the lielcls soflly 
moved the clouds and then the breeze. which 
calmly touched the treetops dnfted across 
the fields. Guietly the sun shcine over the 
woods. The sky calmly shone across the 
fields. 

Out oí the door ran Squirrel and off hurrled 
Haré who munched and crunched two buns 
happtiy. Ofl slowly (lew Oíd Grey Owl and 
Squirrel soon ate two buns. Oíd Grey Owl 
who peered at a strawberry pie munched and 
crunched two buns bul noisiiy Llttle Grey 
Rabbit who peered at an oíd oak tree slowly 
ran down the path to the woods. Soon she 
hurried down the path to the woods but then 
she sniffed at two buns. She hurried down 
the path to the woods. 

Programóte 6 

Changmg to physics essays. Clauses of the 
type adverb 2, advertí 1. verb. subject. are not 
allowed. 

(with loss of energy ¡n all directions are 
propagated olectrons). 

Rating 23) 25) altered to a two-choice 
instead of a three-choice and 28) deleted. 

Five vocabs. eventuaily fed in. 

Vocab. Construction: for imitating textbook 
slyle. 

All the work in a sentence ¡s done by nouns: 
verbs are entirely neutral thlngs. 

Essay 6021 

in electriclty the unit of resistance is defined 
by electrolysis and the unit of charge 
which was fixed al the cavendish lab 
ín raylelgh's classic experiments was 
measured at the cavendish lab. 
theoretically the absolute ohm is defined 
in a self consistent way. 
the unit of resistance which was determined 
with a coil spinning in a field was fixed at 
the cavendish lab 
and this by definition 
is expressed in conceptual experiments. 
theoretically the absolute ohm which 
was redetermined using combined e.rrt.u. 

and e.s.u. is expressed 
by the intensity at the centre of a coil 

Essay 4321 
the absolute 

the entropy of the universe which determines 
microscopio disorder implies the increase 
of disorder 

while quantity of heat statistically 
increases in a reversible process. 
statistically the entropy of the universe 
determines 
irreversibility. 
disorder causes ds / dq/t 



i 



61 



























bul the entropy of the tiniverse which 
causes a decrease of free energy for the 
un ¡verse 

is conserved while energy is conserved. 
for the universe quantity of fieat which 
means ds / dq/t according to boltzmann 
is conserved for the system surroundings. 
statistlcally this is not conserved 
¡n an adiabatic process. 
ds this quantity is zero 
in this case since s is not conserved- 
dq/t henee in this case 
t.ds this quantity is irrelevant 
in this case in this irreversible change is 
zero 

in the closed system 
disorder which implies 
the unavailability of energy according to 
boltzmann on carnot's then 
is conserved in an adiabatic process while 
for a closed system quantity of heat implies 
the unavailability of energy. 
the entropy of the universe macroscopically 
is not conserved 
while energy is conserved. 
in terms of p and t work done this quantity 
- t.ds in this case 
—v.dp 

along any path p.dv this quantity 
is not zero in the closed system- 
(ds/dt)dt + (ds/dp)dp so by maxwell's 
relations 

t.ds is not zero between initial and final 
States 

p.dv is irrelevant because s increases 
henee ds is the same 
since s is not conserved 


Essay 4771 

in this country soddy 

considerad plancks hypothesis from a new 
angle. 

einstein 50 years ago asserled quantisation. 
at a pfiotocathode electrons which 
undergo collisions in the compton effect as 
energy packets or 

quanta are emitted at definite angles 
nevertheless 

partióles in a photocell produce 
photoeiectrons of energy hv-eo. 
photons in vacuo transmute into 
lower frequencies and liglrt quanta 
in the compton effect emit emission 
currents. 

partióles emit current proportional to energy 
electrons in vacuo interact 
with loss of surface energy (work function) 
nevertheless 

partióles which are emitted in a photocell 
with conservaron experimentally are 
conserved with energy hv. 
the former at a metal surface undergo 
collisions 

with emission of current and at a metal 
surface 

electrons produce emission currents. 
einstein assumed the gas of quantum 
partióles 

taut quite recently rayleigh 
who quite recently solved the problem in 
an oldfashioned way 
considerad radiation classically. 
planck who this century 
assumed the a and b coefficients explained 
the gas of quantum partióles but before 


sommeifeld 

rayleigh who quite lecenlly 
was puzzled on boltzmann statistic.s 
tackied the problem 
with disastrous results. 
planck who assumed 
tiie gas of quantum partióles in 1905 this 
century 

considered the uitravíolet calastrophe but 
quite recently jeans who 
tackied the problem in an oldfashioned way 
was puzzled 
with disastrous results. 
hlack body radiation that exerts 
thermodynamic forces in an engine is 
equivalent to 
a relativistic system. 
out of a black body a photon that 
is equivalent to out of a black body 
an assembly of photons 
is assumed to be a non-conservative 
system at the same time 
thermodynamically black body radiation 
that 

in a pistón is assumed to be a relativistic 
system 

exerts quantised forces. 
the radiation gas that obeys 
wien's displacement law is considered as a 
system of energy levels. 
quantally a quantum particle exerts 
a doppler-dependent pressure although this 
produces equilibtium transition 
probabilities. 

black body radiation in an engine produces 
equilibrium transition probabilities. 
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Computer 

paintings 



Loweil Nesbitl, left. IBM 
1440. 1965, oil on cativas, 
60 60 in. Below. IBM 

6400, 1965, o ¡i on can vas, 
80 : 80 in 

collection : Edith Cook, 
Washington. D.C. 


Computer 
paintings of 
Loweil Nesbitt 


Henry Martin 

Even though ihe invisible systems of mathe- 
niatics and electrón flow relate to the struc- 
tures of the IBM paintings much as the 
barely implied rooms relate to the faces of 
the buildings, Loweil Nesbitt shows a con¬ 
cern for the world behind the machine that 
he chooses not to exercise for the world 
behind the facades. in spite of their serenity 
and silence. the paintings enquire into the 
duality of the Computer and search for the 
correspondence between its physical and 
rational structures. Loweil Nesbitt's humanist 
rather than technological understanding of 
the IBM machine extends the arbitrariness of 
the Instruments surface into a questioning 
of the reality of the processes behind ¡t. 
Loweil Nesbitt has accepted the obso- 
lescence of the machine's surface and pulled 
this surface into the realm of the aesthetic 
object, thus acknowledging and emphasizing 
the unapproachability of the thing in itself. 

The space within Loweil Nesbitt's painting 
has nothing to do with the real ambience of 
the objects within it. The IBM paintings con- 
tam no clue conceming the size of the 
depicted object. Reticence being the exten¬ 
sión of their formal econorny and broad 
expanses of fíat colorir, Loweil Nesbitt's 
paintings lell no more titán nucossaiy. Tírese 



paintings do not attack meanings from the 
front; like riddtes, they circle meanings and 
define them only by their edges. 
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Uíla Wiggen 

Vágledarc (micro-circuil). 1967 
acrylic on board. 27] >; 27) in. 
collection : Per-Oíoí Olsson. Lidingo. Sweden 


Ulfa Wiggen 

Trask (porirán of Computer parís) 1967. 
acrylic on board. 45{ ; 31 ¿ in. 
reproduced by courtesy of the Moderna Museet, 
Stockholm 


'Trask' (Transistorized sequence calculator) is a 
modernized versión of the Swedish Computer 
Besk' related to the American Computer ‘tiliac* 
Task* was built in Stockholm by Gunnar 
Hellstróm ín 1965. 

































Computer 

films 


Permutations 


Each stfip represcmts eveiy 
tonlh trame of a 200-frame 
'word' to which John 
Whitney refets in connection 
with his film Permutations 


John H. Whitney 

Permutations is the niost recent of severa! 
films which I have made as one of the actívi- 
ties, among many, within an IBM research 
project. It represents the first steps toward 
developing a compositional language of 
graphics in motion. With this film I have been 
able to realize, on a tentative and experimen¬ 
tal ievel, a hierarchy of components of a 
structural System. Looking at the original 
black and white Computer images on film 
which were usad to make this composition, 
one can see the components of its structure. 

The film contains various types of dot 
patterns which might be compared to the 
alphabet. At the next Ievel of complexity the 
dot patterns are formed into 'words', each 
word having basically a 200-frame time 
duration. The words in turn can be fitted 
contextually into sentence structures. 

My use of a parallei to language is only 
partially descriptive. I am moved to draw 
paraiiels with music. The very next term I 
vvish to use is: counterpoint. 

Having described dot pattern 'words' of 
200-frame duration. I must strain the parallei 
beyond its limita in order to explain that these 
patterns are graphically superimposed over 
tiiemselvos forward and backvvard m many 
ways. and tiie parallei novv is more with the 



counterpoint, or at least polyphonic musical 
phenomena. Should i coin a new term? 
Should it be callee! 'polygraphicphenomena' ? 

The filmmg procedure for making Permu¬ 
tations was as follows: the IBM 2250 
Graphic Display Consolé was fitted with my 
own camera. A specially prepared Computer 
prográmete of very broad graphic versatility 
(which I have been exploring for over two 
years now) was the source of the graphic 
patterns I designed and recorded on film. 



Having recorded on 35 mm black and white 
film all the sequences which I pianned to use 
in making the film. I began the second stage 
of production. 

This second stage is carried on at my studio 
with my own specially designed optical 
primer. Afterplanning the 'word' sequences- 
I then describe the scale, colour and location 
of the images. 
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Stilis from a computer-animated film 
by Rortald Resch 


Made at Coordinated Science Loboratory, 

University of Illinois. A gtoup of squares is 
transformad from a large checkerboard pattern 
ínto a single square and back to a checkerboard 
pattern. The pictures use a photographic reversal 
of a picture photographed from a cathode ray tube 
display The display tbat was used in making the film 
is an 'inhouse' display which was desígned and built 
at Illinois in the Coordinated Science Laboratory. 
The Computer used is CDC 1604. The programming 
language used is o lowdevel ¡nterpretcrs' language 
which was w/itten by Ronafd Resch with assistance 
from several programmers and is embedded in a 
standard Fortran II language. Programming time for 
sequences represented by these stilis varíes from 
2\ hours to 3 months. 



Befow. Inft and ríght, top and side views of a structural 
System from the film. 



66 













Computer- 
animated movies 


Kenneth C. Knowlton 


Computer-produced movies are playmg an 
increasing role in technicai education and 
research. A dozen Computer films, made at 
Bel! Labs during the period 1963 -1967. are 
cited as demonstrating the dynamicgraphical 
power of computéis and automatic film - 
recording equipment. Movies made by 
Computer are seen to be a significant adjunct 
to education and scientific investigador!, 
particularly in areas amenable to matliemati- 
cal and logical treatment and where results 
can or should be visualized. 

An electronic microfilm recorder can plot 
pomts and draw lines a million times faster 
than a human draughtsman. Ibis machine 
and the electronic Computer which Controls 
it thus make feasible some kinds of movies 
which horetofore would llave been pro- 
hibitively indícate. time-consuming. and 
oxpensivo to draw and film. 

The microfilm recorder consists essentially 
of a display tube and a camera, and it 
understands only simple instructions such 
as those for advancing the film, displaying a 
spot or alphabetic character at specified 
co-ordinates, or drawing a straight line from 
one point toanother.Though this repertoire is 
simple, the machine can compose complica- 
ted pictures or series of pictures from a large 
number of basic elements; it can draw 
10.000 to 100.000 points. lines, orcharacters 
per second. 

This íilm-exposing device is therefore fast 
enough to turn out, in a matter of seconds. a 
televisión-quality image consisting of a fine 
mosaic of closely-spaced spots, or fast 
enough to produce simple line drawings at 
rates of several trames per second. The 
important questions thus are not whc-ther 
sufficiently detailed pictures can be pro- 
duced quickly enough; they are, rather, 
whether sufficiently powerful and useful 
programming languages and techniques can 
be devised-, and whether the resulting com- 
putation times are reasonable. 

The answers to those questions are defi- 
nitely yes: useful techniques can he and 
have been developed. and computation 
times for most purposes are quite reasonable. 
This will he demonstrated with a number of 
computer-produced movies made at Bell 
Tclcphone Laboratories during the past íew 
years. grouped under the two heachngs of 
education and research. These films were all 
produced hy programming the IBM 7094 


COMPUTER TECHNIQUE 
FOR THE 
PR0DUCTI0N 
0F 

ANIMATED M0UIES 



Instructions : 
for. the des i red 
moa le enter the ' 
Computer as. a ¡¡ 
deck of punched 
cards. 




In this net-t 
method of cini- 
wation, both 
film motion 
and display 
the tube can 
be contro11ed 
automaticctlly 
by inforrnation 
on a magnetic 
tape. 



Frames from a film on Computer animation by 
K. C. Knowlton, explaíning this technique. The 
pictures were made by a mosaic method in which 
a shade of grey is specified for each tiny square. 
Among the frames aro those that explain how 
punched cards, bearing coded instructions, are 
fed into the Computer which calcúlales numérica! 
picture descriptions and stores them on magnetic 
tape, 

The technique of producing this film is catled the 
Beflix rnovie System and the film itself demónstrales 
how it works. 

(Beflix is derivad from Bell Fltcks.) Atj the films 
iliustrated here were produced at Bell Telephone 
Laboratories in New Jersey. 


Computer to run the Stromberg-Carlson 4020 
microfilm recorder. The two main program¬ 
ming languages used were FORTRAN with 
microfilm commands added and the author's 
mosaic-picture System called BEFLIX. Un- 
less otherwise noled in the description of a 
particular film, FORTRAN vvas ti te lanyuaye 
used. 

In these filming projeets. the Computer has 
played two distinct roles: always that of a 
high-powered draftmg machine, and some- 
times, particularly important in scientiíic and 
mathematical areas, that of a calcuiating 
machine which determines the consequences 
of mathematical and logical statements. In 
the latter role, the Computer typically accepts 
a description of a hypothetical System and 
first determines the successive States of tllís 
system by íollowing differential equations or 
other laws supplied; it tlien uses its drawing 
capabilities to render a series of views of the 
resulting events. 

The Computer and automatic film recordéis, 
because of their liigh speeds of calculation 
and display. make feasible the production of 
some kinds of films that previously would 
have been far too expensive or difficult. 
Costs for the films cited have fallen in the 
rangeof $200to $2.000per minute; the cost 
for the corresponding hand-animated film 
would be at least twice as much iri the easier 
cases; in other cases it would have been 
entirely impractical to undertake the job at 
all without a Computer. 

The Computer offers these further advan- 
tages: there are few intermediarles and few 
delays between the producer and the film- 
making mechanism, thus tremendously 
speeding up the overall process and mini- 
mizing communication problems. This speed. 
ease, and economy of Computer animation 
permits the movie-maker to take several tries 
at a scene-producing a whole family of film 
clips-from which he chooses the most 
appealing result, a luxury never before 
possible. 

The first Computer film produced at Bell 
Labs, made in 1963 by E. E. Zajac, showed 
the result of a simulation of the motion of a 
Communications satellite. The problem under 
study was the orientation and stabílization of 
the satellite so that one end, and henee the 
antenna. pointed constantly towatd the 
earth. The orientmg forcé was the gravity 
gradient torque-which results from one end 
of the elongated satellite being slightly 
closer to the oarth-and stability was 
achieved by viscotis-coupled gyros which 
damped out oscíllatory motion. The simula¬ 
tion required numerical ¡ntegratiori of com- 
plicated differential equations; results were 
presented os perspecíive drawings showing 
position and orientation of the satellite and 
its gyros as a function of time. This still is a 
composite from several frames of this film, 
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showing the earth, the box-shaped satellite 
in several posítions. and a multiply-exposed 
dock used to count orbits. Thís film was a 
triumph not particularly because it helped 
Zajac in bis study but because it was an 
excelient way for him to explain the results 
to someone not thoroughly familiar with 
the problem. 

A mathematical construction ¡s demon- 
strated in four successive stereo pairs from a 
film by A. M. Noli. These are views of a 
four-dimensional hypercube projected math- 
ematically down onto three dimensíons and 
then twice projected to two dimensions- 
onto slightly different picture planes for the 
left and right eye. (One form of this film has 
side-by-side images as shown, for crosseyed 
viewing; another versión is designed for a 
special projector and the familiar 3-D 
crossed-polaroid glasses.) This was part 
of an interesting but thus far unsuccessful 
attempt to give people an intuitive feeling for 
four-dimensional objects by exposlng them 
to a variety of these objects manlpulated in 
4-space by such operations as rotation 
about their four mutually-perpendicular axes. 
Noil's stereo display facilities have been 
used for a variety of other scientific and 
artistic purposes, including such diverse 
applications as experimental documentation 
for choreography and the depiction of a part 
of the hearing process in the ¡nner ear. A 
sequence of stereo pairs from the latter 
appears in one of the stilis. This film shows, 
by grossly exaggerated motion. the calcu- 
lated deflections of the basilar membrane 
due to a variety of sound waves impinging 
on the eardrum: step functions, impulses, 
sine waves of different frequencies. etc. 
A short film made in connection with 
Expo 67 by Kenneth C. Knowlton and Stan 
Vanderbeek, a producer of experimental and 
avant-garde films, ¡s a visual play upon the 
theme of the fair. 'Man and his World', in 
several languages. It was produced by 
programming in a special set of macro in- 
structions which, in turn. were written in 
terms of BEFLIX operations. 

Right. A fíame fiom a film produced by B. Julesz 
and C. Bosche for experiments in human visión 
and perception. One pie-shaped oigluh of this 
picture is 'noise' produced by a pseudo-random 
number generator: the resuíting pattern was then 
reflected soven times to pioduce the overatl 
pattern vvitli striking symmetries. 

Far right. Still from a short colour film by Stan 
Vanderbeek and K. C. Kno'.vlton produced in 
connection with Expo 67. This movie was 
programmed in a higher-level set of macro 
instrucíions. defined in terms of Beflix instructions, 
designed specificaily for manipulating textual 
information in intricate ways. 




Above. A frame from a film produced by Beflix 
movie system, about the list Processing fanguage 
L 6 . At the top is a pardal line of L 5 coding and 
betow it a representation of a tinked structure in 
Ihe computer's memory, with 'bug' (i.e. base 
register) Y crawltng toward the bottom centre to 
point to the block that W s bfock's B-fíeld points 
to. 

Top feft, Satellite as seen in an orbiting reference 
frame. From: Simulation of a two-gyto. gravily- 
gradient atalude control system. 

Left, Box representing a satellite changes 
attitude according to a mathematical model of the 
Earth's gravity. From: Simu/ation of a two-gyro. 
gravity-gradienl attitude control system. 

Far left. Sequence of stereo pairs from Lummis and 
Noli Film Simulated basilar membrane motion. 

The spiral represents the basilar membrane of the 
inner ear; vertical motions of the membrane. 
resuíting from sound waves on the eardrum. are 
greatly exaggerated. 

Left, Four successive stereo pairs from a film by 
A. M. Noli designed for stereo viewing. Portrayed 
Itere is a rotating 4-dirnensional hypercube 
projected ¡nto 3 dimensíons and subsequenlly 
twice onto two picture planes, thus producing 
two slightly different views for the left and. right 
eyes. The 3-d effect may be seen by cross-eyed 
viewing of these pairs. 



68 



















































































An architectural 
project 


Indeterminate 
dimensions in 
architecture 

John Weeks 

Works of architecture. recognized as such, 
normally have their dimensions determined 
by their designers. However. in a hospital 
building under construction at Northwick 
Park, North London, by Spring. 1968,* the 
visible structure has its appearance deter¬ 
mined wholly as a result of a computer- 
orientated programme. 

The rational basis fot Ihe decisión to 
abandon an architect-designed dimensional 
system stems from the need to produce a 
structure made up of as large a number of 
identical units as possible. to enable econo- 
mies to be obtained out of standardizaron. 

The building complex comprises a ciuster of 
buildings of difieren! heights and shapes, 
but the same structural elements. a mullion 
and a beam, are used throughout. Design 
parameters such as lieight and loading 
cliaracteristics were fed into the stress 
computations. This was the only design pro- 
cess which controlled the external appear¬ 


ance. Tíie impact of the standard analysis on 
the varying conditions has resulted in build¬ 
ings which are everywhere different. since 
lite design parameters differ, even though 
they are made of identical structural ele¬ 
ments. The standard structural mullions 3re 
grouped at ¡ntervals which enable them to be 
equally stressed whether they are at the 
bottom of muiti-storey buildings or on the 
upper level of a two-storey building. The 
apparently random intervals between the 
mullions are the direct expression of an 
objective ordering process. The appearance 
of the buildings was not determinable until 
the results of the calculations were seen; the 
designers of the building did not intervene. 


*Archítect: John Weeks of Uewelyn- 
Davies Weeks Forestier-Waiker & Bor; 
Engineers: Peter Dunican; Nigeí Thompson 
of Arup & Partners. 


Below. two buildings from a hospital complex undei 
construction-a research building and an ambulant 
patient dapartment. Idéntica) structural elements 
are used throughout and the intervals between 
structural elements follow a stress computation 
without aichitectura! modification. 
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Computer graphics 


Computer art 


Jasia Reichardt 

'Absolute power will corrupt not only men 
but machines’. In his articie 'Inventíng the 
future’. Dennis Gabor put forward some of 
his expectations and fears about the function 
of tlie machine in society of the future. The 
above commenl was made with reference to 
electronic predictors. which, having built up 
a leputation for accuracy, flecóme aware of 
their infallibitity (since they are learning 
machines) and begin to use their newly-dis- 
covered power. 

So far electronic predictors have not be- 
come a real i ty. However, another postulation 
made by Professor Gabot in the same articie 
(Encounter May 1 960) appears to be very 
relevant índeed. Will the machine-he 
wondered-ctit out the creativo artist ? T 
sincerely hope'. Gabor continuod. ’tliat ma¬ 
chines will never replace the Creative aitist. 
but in good conscience l cannot say tliat 
tfiey never cotild.' 

The Computer peiforms various functions 
which ¡n the broader sense seem to he tho 
act of intelligence. i.e. manipulation of 
symbols, Processing of Information, ohcying 
complex rutes and even learning by experi- 
ence. Nevertheless. the Computer is not 
capable of mnking abstractions. and is de- 
void of the three prime forces behind creativ- 
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ity-imagination, intuition and emotion. De¬ 
spite this. the Computer as a budding artist 
has been making an appearance since about 
1960. In 1963. the magazine Computen and 
Automation announced a Computer art 
contest which has been held annually ever 
since. The winning design usually appears on 
the cover of the August issue and the run- 
ners-up are given a coverage inside. The 
designs vary considerably altliough they 
share certain characteristics. i.e. they are 
only in black and white, tfiere is an emphasis 
on geometrical shapes. and they are basic- 
ally linear. As designs. tfie Computer products 
look bare and minimal and represent little 
else iban the initial stage in what may be a 
far more challengtng adventure in merging 
rather than relating Creative activity with 
technology. 

Computer graphics range from static com- 
positions to frames of motion piclures. and 
could he dividcd into two main categories: 
1. those which approximate to puré design 
or art; and 2. those which are not made with 
any aesthetic end in view but which serve to 
visualise complex physical phenomena. 

At a conference dealing with computers and 
design in 1 966 at the Uníversity of Waterloo. 
two statements were made which might at 
first have appeared unnecessarily boastful 
and heroic: 1. The Computer simply elevóles 
the level of possíbie Creative woik'. 2. 
The Computer can handln some eiements of 
creativity now-by current definitions of 
crealivity'. Botli those statements were made 
by scientists. althouoh there exists a con¬ 
siderable scepticism amongst scientists as 
well as artists about the validity of the various 
experiments in this arca. Othcrs claim that 


the Computer provides the first real possibility 
of a collaboration between the artist and the 
scientist which can only be based on e3ch 
other's familiarity with both media. 

The first commercial Computer was mar- 
keted in 1950. Ten years later the Boeing 
airplane company coined the term Computer 
graphics'. They used graphics for purely 
utilitarian purposes. These were employed, 
for instance, to verity tire landing accuracy of 
a plañe viewed from the pilot's seat and the 
runway. They were used to establish tho 
ínteraction of range of movements of the 
pilot in his environment of the cockpit. To 
this end they created a 50 percentile pilot and 
studied him in animation. All the drawings 
and tha animation were done with a Com¬ 
puter. Other experiments included vtsu- 
alising acousticgiaplisinperspectiveand the 
production of very accurate isometric views 
of aeroplanes. 

There are two main methods at present by 
which Computer graphics are made. In tho 
first place there are the ink drawings pro- 
duced by a Computer- driven plotter. The 
ptotter. a moving pea conveys the image 
direct to paper. Drawings can also be made 
with the ¡mages composed of different letters 
or figures and printed out on a lypewriter 
which is automatically operated by the 
Computer. In the second category are the 
Computer graphics made on the cathode ray 
tube with an electrón beam electricalty 
deflected across the phosphotosccnl scieen 
to produce the desiied picture. A camera 
photographs the image in vai iritis stayes and 
an electronic consolé is used !o control rhe 
picture and to advance the film. Static 
graphics can he ohtainod by making en- 









larged photographs from the film. Whether 
the piclures aro mado for analytical pulposos 
oí just for fon. tiro Computer grapliic is a 
visual analogue to a sequence of calculations 
fed inte the Computer. 

The now 'antique' Sketchpad vvhich has 
been used for numeróos experiments of tliis 
type at Massachusetts Institule of Tecli- 
noiogv sinco 19(¡2. was one of the first to 
produce drawmgs on a catliode ray tobe 
demonstrating the sort of possibilities wluch 
are inherent in the system. One could draw 
with a light pen on the screen simple paíterns 
consistmg of Iines and curves. The operator 
could impose certain constrictions on the 
patterns he was making by demanding. for 
instance, by pushing the appropriate button. 
tliat the lines be made parallel, vertical or 
straight. At that stage the operator could 
not demand something as complex as a 
solution to the following problems: Tliese 
lines represent a piece of structure of a cer¬ 
tain thickness and stze and with certain 
cross-section characteristics. made of a 
particular material and obeying specific 
physical laws-depict this under a stress of 
so many pounds percubic foot'. 

Today the process whereby a desígn is 
adjusted at any stage of its development is 
already quite familiar, if the operator alters 
the design on the cathode ray tube with a 
light pen. the Computer converts the altered 
design into electronic impulses using them to 
modify the pre-existing programme held in 
the Computer's memory store. The altered 
design then appears on another cathode tay 
tube. This system is widely used by General 
Motors for car body design. The image on the 
cathode ray tube can be shifted. rotated, en- 
larged, seen in perspective, stored. recalled 
and transferredto paper with the intermedíate 
stages recorded on film. Since the process 
suggests inhibiting difficulties to someone 
who is not an electronic engineer, it may be 
difficuit for an artist to imagine how he could 
possibly make use of a Computer. The solu¬ 
tion to the problem lies in collaboration. 
There are three stages in the process of pro- 
ducing Computer graphics, or for that matter 
using the Computer in most cases. In the first 
place the communicator presents his ¡deas or 
message wliich is to be communicated to the 
Computer. Secondly. the communication 
specialisfdecides. unless there are specific 
mstructions. whether the problem should be 
solved graphicatly. verbally or as a combina- 
tion of both. Thirdly. the Computer specialist 
seleets the appropriate Computer equípment 
and interprets the problem into machine 
language, so that the Computer can act 
opon it. Ttie Korean artist Nam June Paik has 
gone so far as to claim that in the same way 
that collage technique replaced oil paint, 
so the cathode ray tube will replace canvas. 
However. so far only three artists that I know 


of haveaclually produced Computer graphics, 
the rest to date havmg been made by 
scienlists. 

At the moment the tange of visual possi ■ 
bilities may not seem very extensive. since 
the Computer is best used for rather more 
schematic and geometric forms, and those 
patterns and designs wfiicli are logically 
simple although they may look very intri- 
cate. One can programme the Computer to 
produce patterns based on the golden sec- 
tion or any other specific premise, defining a 
set of parameters and leaving the vatious 
possibilities within them to chance, In this 
way certain limitations are provided within 
which the Computer can 'improvise' and in 
the space of 20 minutes race through the en- 
tire visual potential inherent in the particular 
scheme. Programmed to draw variations with 
straight (mes it is conceivable, though per- 
haps unlikely. that one of the graphics pro¬ 
duced may consisl simply of one lino placed 
exactly on top of another. If there is no 
formula for predicting eacli number or step 
in a given sequence. the system by which this 
type of Computer graphíc comes about can 
be considered random. 

Interesting results can be obtained by intro- 
ducing different random elements into the 
programme. One can. for instance. produce a 
series of points on a surface which can be 
connected in any way with straight lines. or 
one can instruct the Computer to draw solid 
geometric shapes without specifying in what 
sequence they are to be superimposed. leav¬ 
ing the overlapping of the shapes to chance. 

A fascinatíng experiment was made by 
Míchael Noli of the Bell Telephone Labora¬ 
tories whereby he anaiysed a 1917 black- 
and-white, plus-and-minus pícture by Mon- 
drian and produced a number of random 
Computer graphics using the same number 
of horizontal and vertical bars placed within 
an identical overall area. He reponed that 
59% of the people who were shown both the 
Mondrian and one of the Computer versions 
preferred the latter, 28% identified the Com¬ 
puter picturecorrectly, and 72%thought that 
the Mondrian was done by Computer. The 
experiment is not involved either with proof 
or theory, it simply provides food for thought. 
Noli, who has produced a considerable 
number of Computer graphics and animated 
films in America, sees them as a very ¡nidal 
stage in the possible relationship between the 
artist and Computer. He does not consider 
himself as an artist by virtue of bis graphic 
output. He sees himself as someone who is 
doing preliminary explorations in order to 
acquaint artists with these new possibilities. 

Perhaps even less credible tfian the ¡dea of 
computer-generated pictures is the ¡dea of 
Computer sculpture. That too has been 
achieved. A programme for a three-dimen- 
sional sculpture can be fed into a Computer - 


the three-dirnensiona! projection of a ivvo- 
dimenstonal design. It can be transferred vía 
punched paper tape to a milling machine 
which is capable of producing the physical 
object in three dimensions. 

The Computer is only a lool which. at the 
moment, still seems far removed from those 
polemic preoccupations which concern art 
However. even now seen wílli alt the preju- 
dices of tradition and time, one cannot deny 
that the Computer demonstrates a radical 
extensión in art media and techniques. The 
possibilities inherent in the Computer as a 
creativo tool will do linio to change those 
idioms of art which rely piimarily on the 
dialogue between the artist, his ideas, and 
the canvas. They will, however, increase the 
scope of art and contribute to its diversity. 
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Experiments with 
Data Processing 


Experiments with data-processing equipment 
in visual design courses for Science and 
engineering students conducted by Robert 
Preusser, Associate Professor of Visual 
Design, Department of Architecture, Massa- 
chusetts Institute of Technology. 

Transformation of images ¡s achieved by 
using electronic data-processing equipment. 
The forms are picked up by means of a digital 
TV camera and fed into a Computer. The 
images are recorded. domains traded and the 
final designs displayed on a high-resolution 
oscilloscope. The digital TV system used in 
producing these designs was built at the 
Smlthsonian Astrophysica! Observatory for 
the celescope OAO satellite. 



Left. Self’portrail by Efraim Arazi 

The TV camera picked up the image of the 

oscilloscope which displayed a picture of itself 

Below, Three random number generated patterns 
by Efraim Arazi 

Bottom left, Transformation of a reiief surface by 
Efraim Arazi 

Bottom right. Two Steinberg drawings transformed 
by Efraim Arazi 

Drawings woro relayed from TV camera to 
oscilloscope and scanned photographically 
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How the 
hexagonalized 
pictures were 
formad 

Roben Dick 

A picluto lo magnetic: lapo conversión do- 
vicewas used to make the hexagons ¡n the 
pichaos. A cutí iodo ruy tobo ¡n tito duvieo 
displays an array of dots in sequence. A 
photoooll üchmd lite picture puts out a 
signal reporting the brightness of tlie point 
on the negative corresponding to the dot 
currently being displayed. This informático is 
recorded on magnetic tape and can be played 
back so the tube displays the picture. 

To make the hexagons the array was ad- 
juslcd so tlurt the dots formed equilateral 
triangles. the array which permits exact 
flllmg logelhel ol hexagons. Iho hllyliltiess 
of the points on the picture corresponding to 
dots un the anay wus Ilion toad oído mag¬ 
nolia tapo. For tire playhack, a camera was 
aimed at the face of the tube. slightly out of 
focos and with a hexagonal stop on the lens. 
The Information on the magnetic tape was 
read out onto the tube face. Each dot throws 
a shadow of the aperture of the camera onto 
tire film, forming an exposed spot on the 
film in the sliapeof the hexagonal stop.These 
hexagons are formed on the film at points 
corresponding to the points tliey were 
derived froni on the original film. The focusof 
the camera was adjusted so the hexagonal 
array on tiie film just filled the space. Be- 
cause each dot on the screen had to ¡Ilumí¬ 
nate an atea on the film, it was necessary to 
record the pictures several times and play 
them back several times per exposure. 
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Top, Relie! su ría ce used for brkjhtness trímslalion 
by Robert Dick 


Above ieft, Hexagonalized valué translation of a 
rdief surface (small scale) by Robert Dick 


Above right, Hexagonalized valué translation 
(larye scale) of a relief surface by Robert Dick 
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A subjective 
comparison of 
Piet Mondrian's 
'Composition with 
lines' 1917 


Below, a subjective comparison of Piet Mondrian's Piet Mondrian's Composition with Unes 1917 
Compostuon with Unes. 1917, and a computer- 
generated picture, byA. Michael Noli of Bell 
Telaphone Laboratories, Murray Hill, New Jersey. 

Below right. fourfurther computer-generated pictures 
based on Mondrian's Compositton with Unes. 

All works by A. Michael Noli © AMN, 


A. Michael Noli 

A digital Computer and microfilm plotter 
were used to produce a semi-random picture 
similar ¡n composition to Mondrian's painting 
Composition with Unes. Reproductions of 
both pictures were then presented to 100 
people who were asked to identify the Com¬ 
puter picture and to indícate which they pre- 
ferred. Only 28% were able to correctly 
identify the computer-generated picture. 
while 59% preferred the computer-generated 
picture. Both percentages were statistically 
different from selections based on chance 
according to a binomial test. 
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Above left, Gaussian Quadretic by A. Michael Noli, The horizontal positions of 
the end points of the line segments have a Gaussian or normal curve distribution; 
the vertical positions increase guadratically untif they reach the top, except that 
when any vertical position measured is greater than tho constant height, then the 
constant height is subtracted. The result is a fine that starts at the bottom of the 
drawing and randomly zigzags to tho top in contínually increasing steps. At the top. 
the line is translated to the bottom to once again continué its rises. 

Above right. Vertical-Horizontal No. 3 by A. Michael Noli. 101 randomly selected 
points (with x-eoordinato less than the y-coordinate) were connccted by vertical 
and horizontal line segments to form a single line. Tito lines were determinad 
under the condition that only one of tire two coordinates was changed (alternatingly) 
froni one point to the next. 
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Computer 
Technique Group 
from Japan 

| Mombers of CTG : Haruki Tsuchiya (Systems 
engineer), Masiio Komura (product de- 
signer); Kumo Yamanaka (aeronautic engi- 
neor); Jimichiro Kakiznki (elecironic 
engineer); Makoto Ohtake (archilectural 
desigual): Ko|i Fujino (syslems engineer): 
Fujio Míwa (systems engineer).) 

Their Computer graphics were done at the 
end of 1967 and beginning of 1968 at IBM 
Scientific Oata Centre tn Tokyo, with the 
help of IBM Japan. Programares were in 
FORTRAN IV. The computers used were 
IBM 7090 for Computer graphics and 
HITAC 5020 for Computer poetry, Computer 
graphics were executed on Calcomp 563 
plotter. 

The Computer Technigue Group believe 
tlrat the Computer as an artistic médium wtll 
increase in importarme in the future, and that 
alreadytoday thecomputer-produced irnages 
appear to be relevant to the current pre- 
occupations in the visual arts. Tfiey write: 
'Computer art says something about time, 
space, and exlstence. An object in space is 
transformed vía magnetic tape into a set of 
units of informatlon, or bits, conveyed 
throughout vía two simple statements, 1 or 0.’ 
Their graphics fall into fourcategories: Nos 
1-7: Deformations; Nos 8-11: Metamor- 
phoses; Nos 12-21: Improvisations; Nos 
22-24: Variations on a cubic pattern. 

7. Kennedy in the net 

A photograph of the late Presldent Kennedy 
has been subjected to a process of deforma- 
tlon developed by CTG. Through a process of 
scanning every element is turned into a sec- 
tionofanet pattern. 

Idea and prográmete by Ffaruki Tsuchiya 
(CTG) 

2. Shot Kennedy No. 1 

Data from the photograph i$ converted into 
straight tiñes converging at one polnt at the 
ear. This deformation programme can be 
applied to any pattern. 

Idea and programme by Fujio Niwa (CTG) 

3. Shot Kennedy No. 2 

Data from a photograph of Kennedy is con¬ 
verted into straight lines converging atone of 
three points. 

Idea and programme by Pujío Niwa (CTG) 

4 Oiffused Kennedy 

Data from a photograph of Kennedy is con- 
verted into a set of straight lines whích are 
directed to one pomt, nameiy the eye. 

Idea and programme by Masao Komura 
(CTG) 



Members of CÍG —Computer Technique Group, 
Tükyo: 

left lo ríght: Ko|i Fujino, Masao Komura, Kunio 
Yamanaka. Hatuki Tsuctiiya. Makoto Ohtake 



Shot Kennedy No. 1 



Dtífused Kennedy 


5. Kennedy ¡n a rectangle 

Data of a photograph of Kennedy is confined 
to a rectangle. 

Idea by Masao Komura, programme by 
Fujio Niwa (CTG) 

6. Kennedy in a dog 

Data from a photograph of Kennedy is ¡n- 
serted into data from a photograph of a dog, 
The final output looks like the face of 
Kennedy in the shape of a dog’s head. Thus 
there are three contributing elements: Ken¬ 
nedy, dog and the square which íorms the 
element of the overall pattern. 

Idea by Masao Komura, programme by Fujio 
Niwa (CTG) 

7. Monroe in the net 

The same deformation pattern which has 
been used in Kennedy in the net has been 
applied to a photograph of Marilyn Monroe, 
The process can be applied to any visual 
material, both two- and three-dlmensional. 
Idea and programme by Flaruki Tsuchiya 
(CTG) 

8. Retum to square (a) 

A Computer metamorphosis. A sguare is 
transformed into a profile of a woman and 
then back into a square. 

Idea by Masao Komura, programme by 
Kunio Yamanaka (CTG) 

9. Retum to square ( b) 

One of two works on this theme. Return to 
square (a), however, is programmed accord- 
ing to an arithmetic series, and this one is 
programmed according to geometrical pro- 
gression. 

Idea by Masao Komura, programme by 
Kunio Yamanaka (CTG) 

10. Running Cola is Africa 

A Computer algorithm converts a running 
man into a bottle of cola, which In turn is 
converted into the map of Africa. 
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Idea by Masao Komura. data by Makoío 
Ohtake. programme by Koji Fujino (CTG) 

1 7. Deformation of Sharaku 

Five sepárate techniques of co-ordinate ex- 
change are applied to original data. 

Idea by Masao Komura. programme by 
Koji Fujino {CTG) 

12. Random flower 

The programme indicated that the flower 
should have 3280 petáis, but their distribu- 
tion was left to the random selection of the 
Computer. 

Idea and programme by Haruki Tsuchíya 
(CTG) 

13. Tragedy of seven 

The programme hete indicated the number of 
closed curves (i.e. 40) and the factthat these 
should extend in seven directions. The radii 
of the curves are determined by a random 
system, and the detail of the output could 
not have been predicted. 

Idea and programme by Haruki Tsuchiya 
(CTG) 

14. Miracle stones 

Here the size and position are predetermined 
whereas the shape is decided by random 
means. No two stones are exactly the same. 
Idea and programme by Haruki Tsuchiya 
(CTG) 

15. March of polygons 

In each polygon the number of vértices is 
predetermined but their distribution is ran¬ 
dom. 

Idea and programme by Haruki Tsuchiya 
(CTG) 

16. Individualizaron age 

The distribution of elements has been arríved 
at deliberately, but the minute differences in 
the elements themselves are determined by 
random means. 

Idea and programme by Haruki Tsuchiya 
(CTG) 

77. The crystal space 

This is a random distribution of symmetrical 
figures. 

Idea and programme by Fujio Niwa (CTG) 

18. Jel/yfish in the cosmos 

A series of asymmetrical patterns are distri- 
buted randomly in a predetermined space. 
Idea and programme by Fujio Niwa (CTG) 

19. Centrípeta! biológica / wor/d 

A random study on the theme of ellipses. 
Idea and programme by Fujio Niwa (CTG) 

20. Optica 7 effect of inequality 

An algorithm was employed to distribute the 
mathematical sign representing inequality to 
obtain an óptica! effect. 

Idea and programme by Masao Komura 
(CTG) 

21. Random collection by Computer 
Symbols are arrived at by random means-the 
mathematical valúes wltich the symbol 
represents appear above the box. 

Idea and programme by Masao Komura 
(CTG) 
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22. Upheaval col/ection (a) 

Stages of a star form composed of a network 
of lines into a cube, by means of a random 
improvisation. 

Idea by Masao Komura, programme byJunio 
Yamanaka (CTG) 

23. Upheaval coHection { h ) 

Further devclopments m the transformatlon 
of a two-dimensional star-form into a cube 
in perspective. 

Idea by Masao Komura. programme by 
Kunio Yamanaka (CTG) 

24. Hexagon invo/ving cubes 

The detail of the forms is established by 
random means. 

Idea by Masao Komura, programme by 
Kumo Yamanaka (CTG) 


Riflht. CTG Computer Poetry aims only at the 
uffocl ni combimiuj leltcrs of ttu; ülph.ibüt 
according to certain rules. Wotds and sentences 
are mgardod only as a snquenli.il dcvolnpment of 
tiro alphabot. The poetry Is composed by using 
random procedures. Idea and programme by 
Haruki Tsuchlya (CTG). who writes: The poetry 
¡s hard to read at a glance. But if you read it you 
vvill frnd a wonderful esperánce ¡n the unknown 
world of sound, Word, language and fetter.' 

Notes on the 
programming of 
Computer graphics 

Frieder Nake 

Computer graphics are diagrammatic forms, 
or figures, produced by means of a digital 
electronic Computer and a drawing instru- 
ment which is either a direct component of 
the Computer or connected to it. e.g. punch 
tape or magnetic band. 

My first Computer graphics were produced 
in Germany in December 1963 at the Com¬ 
puter Institute of the Stuttgárt Polytechnic. 
Shortly afterwards, and independently, Georg 
Nees started making Computer graphics in 
Erlangen. 

In Stuttgárt, l used the Graphomat Zuse Z 
64 drawing machine controlied by punch 
tape. The machine has a drawing head 
guiding four pens, fed by Indian ink of difier¬ 
en! coiours with nibs of varyíng fhicknesses. 
The production of Computer graphics is a 
three-stage process: 

1. setting up a programme for the Computer; 

2. automatic feeding of the programme into 
the Computer; 

3. automatic conversión of the Information 



Rectangular hatchings by Frieder Naka 



Computer graphic Polygonal course No. 7. 
13.9.1965, random elements ¡nclude: 

1. number ol polygonal angles 

2. dlrection of eacb potygonat side 

3. length of eacb polygonal side 


deiivered, The latter is contained in a punch 
tape and is transposed by the dtawing 
machine into the lines of the diagrammatic 
figures. 

The first and most important task ¡s that of 
setting up a programme which should make 
¡t possible to produce an entire class of 
drawings ('aesthetic objects' as referred to by 
Max Bense) running through a specifíc 
pattern in all its variations. An analogy may 
be drawn here to the artistic process of 
pursuing a theme through all its possibilíties 
guided by 'intuítion'. Here the concept of 
‘intuition’ refers to the choosing of possi- 
bilities from a given repertoire. The Computer 
simulates intuition by the automatic selection 
of pseudo-random numbers. 

It is best to explaln the process with the 
programme used for producing a series of 
Rectangular hatchings: the common theme 
of these drawings is the spacing of hori- 
zont3lly or vertically shaded rectangles. For 
this purpose a programme was set up to 
produce a class of drawings consisting of 
rectangular-shaped hatchings parallel to the 
borders of the illustrations. Then all those 
elements of a drawing beionging to that 
class, which are arbitrary, must be deter- 
mined. In this particular graphic the variable 
elements were; 

1. N number of hatchings per iliustration. 

2. Position x y per hatching (i.e, determined 
by the position of the lower left-hand comer 
oftherectangle). 
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3. Length I and height h per hatching. 

4. M number of strokes per hatching. 

5. Direction of lines per hatching (vertica! or 
horizontal being the only possibilities). 

6. Style per hatching (line thickness, colorir). 
The size of the iliustration is determined 

during each run of the prográmete, and 
cannot be altered in the middle of the run. 
The remaining elements (parameters) of 
the iliustration are determined by the proba- 
bility distributions, F. Or, in other words, it is 
indicated with what degree of probability 
each of these elements will coincide with the 
various possible valúes. 

The programme could be formulated as 
follows: 

-input of iliustration format (width and 
height) 

-input of probability distributions F„ F 2 ,.. F¡¡. 
-selection of N with the help of F,. 

For n = 1.2 ..., N : 

-Selection of x n relative to y n with the help 
of F 2 relative to F,. 

-Selection of l n relative to li„ with the help 
of F 4 relative to F 6 

-Selection of M n with the help of F 6 
-Selection of L n with the help of F, 
-Selection of s n with the help of F e 
-Output of hatching determined by x„, y n , 
ln- K M„. L n . s n . 

This main programme must be supported by 
subroutines wfiich determine the pseudo- 
random numbers according to given proba- 
bility distributions, F; and a programme 
that punches the tape responsible for the 
drawing of the hatching executed by the 
drawing machine. 

The graphics illustrated were produced by 
extending the Rectangular hatchings pro¬ 
gramme. ln other words. Iiere tile entire 
picture-format is distributed over an imagi- 
nary grid area, and tlien the Rectangular 
hatchings programme may or may not be 
applied to a certain picture point or picture 
element. 

ln a further stage of Computer graphics it is 
possible to set up prográmeles wliich deter¬ 
mine certain aesthetic proportions during the 
process of calculation, theroby infiuencing 
the course of the drawing. This type of 
production would fit ¡rito the framework of 
aestlietic theory as developod by Max Bense 
and his co-workers in connection with the 
work of G. D. Birkhoff. 


Lt’ll. fit'Chifhtuf'it h;fichan ),s 

Belovv. Ktet* No. 2, Sept. 13. 19(55. 40 40 en. 

fíandom elements: 

0) variation in width from break of curve to hieak 
of the horizontal ha neis 

(2) ’breaking' of the horizontal bands 

(3) solecting of symbols for each square of a band- 
no syrnbol, vertica! lines for trianglos 

(4) number of symbols per square 

(5) position of symbols in the square 

(6) number of circles 

(7) position of circles 

(8) radius of circles 





l.oft. Computer qraphic 

The drawing is the rosult nf proriucing unifurm 
smnü squares with a kind of regular irreqularity 
specifically sudor! to a computer's pationc.c, 
Prizo-winning entry of the anmml Computer Art 
Con test organizcd by Computers ¿md Avtomation 
in 18(5(5. 
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Programming 
stochastic 
Computer graphics 

Georg Nees 

To produce the graphics. I used a drawing- 
board controlled by a punch tape and a 
digital Computer producing the pilot tape. 

Eacti graphic has random parameters. The 
programme for each graphic repeats genera- 
tive fundamental operations so that the mere 
repetitions, the aesthetic redundancy, pro¬ 
duce the random parametric valúes of the 


aesthetic improbability of the graphic during 
each repetition. 

The graphics 8-corner and 23-corner alter 
one basic figure each when programmed as 
follows: 

8-comer 

Distribute eíght dots inside the figure- 
square and connect thern with a closed 
straight edge ¡ine. 

23-corner 

Beginning anywhere within the figure- 
square draw a straight edge line with 23 
sections inside the square. each section of 
random length. alternating horizontal and 
vertical Unes. The horizontal Unes may go 
right or left at random, the vertical lines up or 
down. Connect the starting and end points 
of the straight edge rectilinearly. 


Axis-parallel maze 

Beginning at one córner of the rectangular 
frame, draw a straight edge line within the 
frame. The line should consist of 4.000 sec¬ 
tions of random length, each one under 15 
millimetres long, alternating horizontal and 
vertical lines—the horizontal ¡Inés either to 
left or right at random. the vertical lines up or 
down. The programme produces a con- 
tinuous shape or form. 

The Curtains graphic was discovered 
through a programming error, thus it posses- 
ses improbabilities in a twofold sense. The 
programme may be described roughíy as 
follows: Draw 60 parallel lines along the 
narrow side of the rectangular frame. so thai 
the Unes, together with the random abscissi. 
accumulate 3gainst the narrow side. 
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Top far left, Georg Nees, 23-corner graphic 
Top centre, 8-comer graphic 
Above, Corridor 

Programme for thís pícture was constructed as 
follows: 

Two sepárate linear-rectangular progressions were 
generated on the left wall. Then the pattern was 
copied symmetrically on the right wall, A set of 
cubes were spaced randomty on the ceiling and 
the floor pattern was drawn 
The programme was written in Algol, run on a 
Siemens 2002 Computer and plotted with a 
Zuse-Graphomat 

Far left, Axis parallel maze 

Left, Curtains. graphic discovered by error 
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Bugs and patterns 


Ks* 


Donald K. Robbinsand Leigh Hendricks 

One of the traditionai problems in calcu- 
lus is the so-called bug problem. The problem 
cart be stated as foilows. If four bugs start on 
the corners of a square. and start crawling 
toward each other, what path wifl they fol- 
low? If ¡n addition you took a picture of their 
fines of visión periodically, and drew lines to 
indícate this, you would get a spirai-looking 
picture. On a digital Computer, ¡t is easy to 
put the bug's path into a portion of the pro¬ 
gramare called a subroutina. This subroutine 
can then be manipulated. The checkerboard 
pattern shows a replicaron of the basic pat- 
tern. A further progression shows the 
checkerboard revealed as a three-dimensional 
entity, with the shape distorted (or perhaps 
made more real) by the perspective trans¬ 
formaron. The Computer, under the direction 
of the technological artist, can readily pro¬ 
duce these pictures. 

Taking the subroutine for the bug, and 
randomly selecting the co-ordinants of the 
vértices as well as the numberof vértices, it is 
possible to produce a number of variations 
on a theme. Some figures may resemble a 
soaring strange winged creature, others 
stately space-ships, others merely regular 
geometric figures. The Computer can produce 
an entire series of pictures United in a strange 
manner by a basic pattern. which aliows 
every image to be different. 

Once the basic subroutine is programmed 
for a digital Computer, one can vary para- 
meters at will, either consciously or randomly 
for effect. Examples of this process are the 
variations on themesfrom Jeffrey Steeie and 
Bridget Riley, The latter has also been turned 
into a coloured movie. also produced on the 
Computer. 
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Left, Jeffrey S lóele: Bar oque expennwfn—Frcd 
Maddox (sometimos known as Harfequmade). 
1962/63. oil on can vas 60 • 40 in., coMcctiun: 

The Non. Anthony Samuel. London.and, left centre. 
Variation on a theme from Jeffrey Steeie by 
Donald K. Robbins. based on this painting. 

Below. Bridget Riley: Blaze f. 1962. emulsión on 
board. 43 x 43 in. and. below centre and bottom. 
Variations on a theme from Bridget Riley by Leigh 
Hendricks. based on this painting. 



m ^ m m 



.'3 (/) 

¿ n 
o 




















An interview with 
Charles Csuri 


Arthur Efland 

For rnost of his professtonal career. Charles 
Csuri worked like any pamter since tiro 
invention of easel painting. Then he cfis- 
covered that computers could be program- 
med to produce images. and since that time 
his total eífort has been devotod to exploring 
the artistic potentialities made available by 
these new means. 

Arthur: What made the Computer seem like 
a reasonable possibility for this kind of 
search ? 

Charles : Well... it's the potentiality that is 
offered by mathematics that is of special 
interest to me. . . . The type of mathematics i 
one can use ¡n. say, domg Itand pictures—if ; 
you will excuse the expression-is restricted 
by how much time it takes to solve a problem. ' 
that is, normal methods of working are too 
slow. I think that if I were to dea! with that 
questlon in a slightiy different way it niight 
be better. I am saying that the artist can now | 
use complex mathematics and the digital \ 
Computer in his work because its structure j 
and characteristics may suggest different 
approaches to problems than would other- 
wise be considered. and this is especially 
true of problems involving the repetition of 
data and ¡terative procedures which can take 
advantage of the computer's speed of opera¬ 
ron. Tnat gets a little technlcal. What I might 
be saying is that mathematics offers new 
possibilities in the realm of the arts. One can 
use things like N-dimensional geometry or 
like a hundred-dimensional geometry rather 
than athree-dimensional geometry ... which 
might give you a different ¡dea of a form. a 
different idea of a structure. You can make 
use in a much more systematic manner of 
random-number generators that give certain 
kinds of distributions of points or lines that 
may be of great interest. 

Arthur: You mean that you never would 
llave thought of . . . 

Charles: Ríght. I think when you deal with 
so-called structures or distribution of points, 
valúes. Unes, or whatever, that you llave a 
certain bies, This bias is based on past 
experience, pre-conceptions of what is 
structure in art, and one way of breaking 
away from this is to introduce a mathematical 
system that can’t depend upon that kind of 
conception. This is a way of breaking the 
bias and perhaps getting to an interpretaron 
that you ordmanly would not think of. 

Arthur: Let me try out this analogy and see 


if this makes sense to you. You can think of 
some of the higtily mathematical forms of art 
that some of the renaissance masters worked 
with in developing geometric perspectives, 
as being essentially Systems dealing with 
two or three dimensions, and in a sense. 
modero developments in mathematics which 
can handte not only more complex problems 
but batidle them more rapidly are really 
opening up another realm of possibility to 
the artist just as Euclid's geometry made 
perspective possible. ... 

Charles: Well. I think this is particularly true 
when you move into dimensional geometry. 
It is not ordinarily described as dimensional 
geometry but ¡s callee! vector spaces. You 
have for ¡nstance thirty directions rather 
than three directions that you think of as 
ordinary dimensions. It's not a real space- 
it's a theoretical space You take somothing 


fíandom war by C. Csuri and J. Shaffer. programmer. 

Csuri made a drawing of one íoy soídier, and Ibis 
became the dala deck. 

A Computer programme which generates random 
numbers Is called a pseudo-random number 
generator. Such a programme determined the 
distribution and the poshlon of soldlers on the 
batttefield. One slde is calied the 'Red' and the 
otlier one the 'Black', and the ñames of real 
people were given to each soldier. Their müitary 
ranks were assígned by the random number 
generator. The random number generator also 
decided who is to dle and who is to be wounded. 
The programme also has an automatlc control for 
perspective. A plcture 30 x 100 ¡n. ¡n colour of 
the battle was produced by the Computer, and the 
'prini out' gave the following Information: 

1. Total number of dead on each sido 

2. Total number of wounded on each slde 

3. The number of dead and wounded ¡n each of 
forty sectors of the battlefield 

4. Identification of the dead and wounded in 
alphabetical order 


which is in three vectors and put them into 
ten vectors. or into ten thousand vectors, or 
into a million vectors. And this in itself may 
or may not make it interesling but there is a 
possibility. Also what is connected to this, 
you can use an area of mathematics called 
the 'Foutier' series and actually take. for 
¡nstance, a profile of a head. the tiñe of a head. 
and construct a specific oquation that des¬ 
cribes the profile, and if you give filis 
equation to the Computer with a plotter (a 
device to draw with) it will come out the 
same shape. What you can do is take a!l the 
portions of that head and construct an 
equation that describes the character of the 
nose, of the eye, of the mouth, and so forth, 
and quite simply modifying the coefficients 
and you begin to get changes and you get a 
different kind of structure. 

Arthur: And so instead of going through the 


5. Ths survivors in alphabetical order. 

Random war is an ¡maginary war. one with few 
variables, but it is a short step to a real sltuation 
with the ¡ntroductlon of many more variables into 
the Computer. One coufd introduce milítary 
¡ntelügence reports Into the programme with an 
estímate of the enemies' capabilities and the tactics 
they may use. The Computer can handle Information 
about the type of terrain. types and number of 
weapons. historical data which invoived similar 
situations. weather conditions. physical conditlon 
of the troops and so forth. The battle can be 
simulated on the Computer, and computer- 
generated movies would give a visual cflsplay of 
the contest. Then more decislons could be made 
before the event takes place in real time. Once the 
real battle starts, the Computer can predict the 
outeome and ¡ts consequences many hours before 
the battle ends. It would show motion pictures as 
the battle progressed. The milítary Computer could 
process one per cent of each of the variables and 
predict the outeome. much ¡n the same way 
natlonal televisión computers have recorded the 
final results of political elections. 
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Right. Flíes on the Millar transformador! 

This is a probiem which makes use of random points generated into the 
legión of a triangle. Then these points or flies are tnapped into the región of a 
half circte. The equation which deais with conformal mapping was developed 
for Charles Csuri by Prof. L. Miller of the Mathematics Department. Odio 
State University. 

C. Csuri and J. Shaffer, progtammer 
Below. Chaos lo order 

Random distribution of each lino of the humrning bird. The Computer draws 
the chaotic versión first and in Progressive stages brings the hird back 
together. 

C. Csuri and J. Shaffer, progtammer 



rrk sS*?' 


y 



r 




* % 

** % ■ jí 

w-. -n 


. * .« L « 




f 


\h 

K, 


& 


i» 


sr 




%>■ 


probiem of cataloguing noses and eyes, h la 
da Vinci. you start with an ideal nose or an 
ideal mouth ... however you vvant to define 
it. ... 

Art/uir and Charles: A nose! 

Charles: Yes, right. 

Arthur: And by mathematicai means, trans- 
form it so that you can predict the result but 
perhaps can't quite visualize until you come 
up with an infinite series. 

Charles: Or, you approach this in such a way 
that it would be impossible to visualize what 
will happen. and perhaps this is the part that 
makes it intetesting. 

Arthur: i see. it gives art back some of the 
mystery. 

Charles: Right. We put the mystery some- 
where eise now. But, i also iike to feel tiiat 
there ¡s a very specific discipline involved 
here. What I am really saying is that there are 
certain ways to make decisions that I find 
more convenient, maybe there are certain 
patterns of thinking that are somewfiat 
different titán probiem-solving in the past, 
and this in itseif is intetesting to me. 

Usually. wlien I make a painting in the con- 
ventional sense. or a drawing, i havetoworty 
about media. I have to worry about whether 
litis sitould be grey, that sitould be biack, or 
this should be wiiite. and i find that by 
woiking with certain mathematicai ratios I 
can play with numbers and end up with 
certain kinds of rlistfibutions. of colour, of 
valué, and of iine, that are just as interosting — 
possibly more interesting tiran if I worked in 
conventional terms and could anticípate 
exactiy the result. 

Arthur: And in a sense you are working 
just as hard as with hand pictures. 

Charles: You've got to work hard in order 
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to set the game up so that your output is 
interesting. You've got to set up strategies ... 
there are certain things you can do that would 
be obvious and quite predictabie, but when 
you start getting into the fields of probability 
and statistics, you can’t guess what is going 
on, and it is rather diffícult to set up a 
sophisticated game. i mean you will still have 
a probiem. 

Arthur: A game that doasn't have enough 
combinations or if you can think through ail 
the combinations, it loses ¡ts surprise valué, 
iet us say. 

Charles: Well, to give you an example of 
something l've been working on recently 
which was raíher fun. Maybe nobody eise 
would think of it as being fun, but I made a 
drawing of a horsefly and managed to put 
this into the memory of the Computer, and I 
decided that I wanted 250 horseflíes distribu- 
ted in a rectangular space. I didn’t want to 
worry about drawing each fly and I couldn't 
possibly tolérate the responsibüity of making 
a decisión as to where to put it 250 times. So. 
i turned this decisión over to a random num- 
ber generator and Iet it decide ¡ts distribution 
throughout the space. Also. I iet it decide the 
angle of orientation. Finally I decided it 
would make it more interesting ¡f I had 
different sizes of horseflíes. So, I introduced 
a game whereby tire random number genera¬ 
tor would give me four or five different sizes 
of horseflíes. And, so, I liad a combination of 
random distribution, random orientation. and 
random size, and I find the result quite 
interesting. In fact, I don’t tlimk that I would 
have the ¡nterest to draw the horsefly 250 
times in different sizes. I'd lose my mind. 
That part of it is really great fun but there is 
another aspect of it here. I pícked a horsefly, 


and it’s not such a profound idea certainly. 
but on the other hand, this has a comment to 
make about the Computer itseif and the whole 
business of bugs and debugging. Maybe 
this is one sort of meaning. It's an absurd 
idea, you know, to use a horsefly. I somehow 
feel sorry for the flies. They're disappearing 
from our culture. 

Arthur: Do I recall correctly that you told 
me that you minored in math? 

Charles: No. 1 didn't minor in math. What 
happened was this—1 was in art for three and 
a half years and then I was drafted into the 
army and in typícal United States Army 
fashion they put me back in college to study 
engineering. and I covered two years of 
engmeering in accelerated programme in one 
year and I took coliege algebra, trigono- 
metry. analyticai geometry, differential caicu- 
ius and I had a couple of courses ¡n physics 
and chemistry, and in my background I had 
a lot of technical training. a number of 
courses in drafting, for instance, so that, i 
suppose. without too much difficulty I couid 
have got an engineering degree. 

Arthur I think that a fine arts background 
and the technical training on top of ¡t was a 
blessing in disguise, although you probably 
didn’t think so at the time. 

Charles: Right. In trying to solve problems 
as an artist or an art student. I tended to 
think in terms of very broad generalities. Al 
least the way I processed data ís quite dif¬ 
ferent than the way I have to approach the 
probiem as I am confrontad witli tile tecli- 
nology of the Computer mathematics which 
this involves. and queslionsof programming, 
At one point in my work, i tried to make bíg 
general shapes and proceed from llio general 
to tlie particular, I had a certain ¡dea about 


















control of a painting and I worked with gross 
chunks oí Information, if you will. 

Arthur: That was in the pre-computer days ? 
Charles: Yes. Now if I get very involved in a 
Itne drawing of a face. I think-l have 400 
Unes that made up this face. Now the ques- 
tion is, how many points do I have for each 
Itne in terms of Computer technique ? How 
many points make up this iine ? What can I 
do to tiñese points? How can I change their 
distribution ? What kinds of strategies can I 
use in mathemalical terms to modify these 
points so that they make a new arrangement 
of lines which in terms of the total image 
gives me a different appearance to a head- 
gives me another point of view about ¡t ? 

Let's take as an example the humming bird 
that was exploded. The first problem. a very 
simple one, was to put this into the memory 
of the Computer. This is done by using a 
rectangular co-ordinate system. The pro¬ 
grámete telis you how many points you have. 
and adds up your points. It also telis you how 
many lines you have. e.g. 200 lines and 
1.732 points. Then you must decide wltcre 
to pul these. Wo might decido to scatter 
these lines. Well, how far do you want to 
scatter them? Six inches? Four inches? Do 
you want to spread out that much? In the 
case of the humming bird, we decided to 
have up to six incites in radial displacement 
or in the distance, and plus or minus forty- 
five degrees in angular displacement. for 
each Iine. This was the máximum. Then we 
brought in the random number generator and 
let the random number generator decide 
where the point would fall. between 0 and 
6" and between ±45°. So, one time around 
the first Iine would be, say, 4' and 12° out. 
The second Iine would be 3" and 27°. And 
this was done for every Iine and the compu- 
tations were made and put on a deck of 
cards. Then, we have what appears to be a 
scrambled image. Then, you must decide 
how many steps to take to return to the first 
image of the humming bird. We decided to do 
it in three steps. which is quite simple be- 
cause once you have the scrambled Informa¬ 
tion, then you have what we cali a zero with 
the first image. Then on the basis of percen- 
tages you can bring it back 25%, 50%. 75% 
and finally to zero. 

Arthur: In other words you drop out degrees 
of randomness this way? 

Charles: Right. You pulí the image back 
togetlier again. It gets closer back to the 
representational image and what becomes 
the drawing or the so-called aesthetic object 
is, as far as I am concerned, not just scram¬ 
bled or realistic image but this entire process 
going from what appears to be a disordered 
image back to progressively a more ordered 
one. 

Arthur: You could prograntme a witole 
years work this way. 


Charles: Yes, and every time you get a 
different image. 

Arthur: Suppose you did this, just to create 
a problem for the critics! 

Charles: You could certainly do this by 
writing one progranime and letting it run all 
year long. 

Arthur: And then you have a one-man show 
with the output of, say, half the year, and in 



Files in a circto t9í>6 

A Computer programme generales random 
numbers which determine the distribution of a 
speclfic number of files ¡n a series of 1 in. 
concentric rings. Wilhín predeterminad timils the 
random number generator also decides the 
oricntation and the size of each fly. 

Produced and directed by Charles Csuri and 
James Shaffer 



Random light and shadow 
A realistic Iine drawing was made of an oíd man. 
This Iine drawing was icansíormetl mathematically 
into a shaded image, A spiral, rectangle, triangie 
and star were the character symbols used through 
each Iine segment. The random number generator 
determined the colour distribution, and the size 
of eacli Symbol is a function of distance from a 
referente point outside of the picture space. 

C. Csuri and J- Shaffer, programmer 


the second half of the year you have another 
show. And the critics will look it over and 
decide 'Well, Csuri is getting better". 

Charles: What this would mean is: his 
random numbers are falling better for him, 
No. I think if you are a well-known artíst you 
could pulí it off, you reaily could. And you 
can do it íwo years in a row and go and tive 
in the Hawaiian Islands. then come back 
and write another programme and take off 
once more. You know, it does become a little 
absurd to say the least. 

May I introduce a very fanciful notion ? Its 
something l've just thoughl of recently. I was 
talking to someone about the future of com 
puters and what one might be able to do, and 
I simply said, well, I think that in time the 
artist will sít down and think about a picture 
and then a Computer will transíate his brain 
impulses into a picture. Actually draw a 
picture I And I thought this was sort of 
ridiculous, you know, sort of Buck Rogers 
type of thing-twenty-fifth century-and then 
several days later I sat down and started to 
think, I wonder how you would even ap- 
proach the problem ? And it occurred to me 
that there is a way of getting at it. And this 
has to do with the study of brain waves and 
the electroencephalogram, and what I 
thought I might do-in fact. I was on my way 
to the library when you cafled, to get this 
book. ... The brain waves are extremely 
complex, although most people are only 
familiar with the alpha or beta brain waves. 
Is that what they're called? I'm not reaily 
sure. But, there are certain patterns for being 
awake and asleep for normal men and for an 
epiieptic, and so forth, but in addition to that, 
there are all sorts of other brain activities that 
are recorded. One of the difficulties in dealing 
with the problem is that there tends to be too 
much Information. It’s hard to sort out and 
reaily give it any valué. What 1 thought I 
might do is put this output on magnetic tape. 
This has already been done, i.e. in what is 
called analogue form. There are processes 
which will conven analogue information into 
its digital equivalent, which can be fed into 
the Computer, and what has occurred to me 
is that I would create an alphabet of drawing 
marks, which l have already done, and then 
have some way of having the brain signáis 
trigger certain kinds of elements in the alpha¬ 
bet and see if we can make a picture. In 
recording the impulses you actually can 
affect.dependingupon how you concéntrate, 
the character of the brain waves. There can 
be a different phase. 3 different frequency, a 
different amplitude, etc. All this can be 
recorded on magnetic tape. Then you think 
’circle'. and you record that, and see if you 
can get the equipment to make you a circle 
or a square. It sounds pretty ridiculous, but I 
think there are certain things one might do, 
based on this. 
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Arthur: I can see the cartoons in the New 
Yorker, now. You see the artist on the 
couch-well, he's thinking ! And the Compu¬ 
ter drawing away like mad. 

Charles: That's right. Exactiy, and at some 
point i'm going to do something with this 
¡dea. 

Arthur: I don't think this is so improbable. 
Charles: Oh. no. f don't think it is either. 1 
thought it was when I first said it. But the 
more I thought about it the more i began to 
realize ... something along this line could he 
done. Very unlikely that you would end up 
with an image that is representational. 

There is snother aspect of this that I haven’t 
really taiked about that I think is quite ¡m- 
portant. 1 carne across some research reports 
from M.I.T. trying to ¡ilústrate what happens 
to a mass when it approaches the speed of 
light. This is involved in the Lorenz Transfor¬ 
maron. They took as a problem a drawing of 
two ¡ines which give an impression of a road 
receding in the distance and then telephone 
poles of various sizes to give the impression 
of perspective. Then, they introduced the 
Lorenz Transíormation. You have to think of 
this as if you were travelling down that road 
in a car approaching the speed of light. and 
the Computer shows what happens to the 
telephone poles at one quarter of the speed 
of light. 50%. 75% and then .99 the speed of 
light, and the telephone poles start to bend, 
actually changing their shape. 

Arthur: Becoming curved forms instead of 
straight ? 


How to draw a 
ball 


Alan Parkin 

Simple and common 

A hall is the simples! solid. It has the minimal 
surface for a given volunte. It can be speci- 
fied by one location (centre) and one lengtli 
(radius). It is the fundamental shape of 
almos! all large objects in the universe, such 
as the sun. moon and stars. We begin as a 
ball. we live on a ball, and a ball is one of the 
eorliest and commonest toys. 

Hard to draw 

Notwithstanding its simplicity and ubiquity. 
a ball is quite hard to draw. This is because 
our drawing techniques are essentially 
linear. We can easily represent profiles (out- 
lines) and sharp edges by lines. but curved 
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Sine curve man 

A realistic line drawing of a man is transformad 
into this image by means of a sine curve function. 
The coíours are blue and green. 

C. Csuri and J. Shaffer, programmer 


Charles: Straight lines curving in. Now, 
what is very strange is that an unpredicted 
thing really happened. These telephone poles 
had cross members on them, rather like up- 
side-down L shapes. It didn't go all the way 
across, but a Une going out from a point, and 
the three sets on the inskle turned in as you 
would expect them to but then one set 
turned out. They originally were in. but thev 
turned out. The articie doesn't explain what 


Algol programme Spherelit by Alan ParMn 

run on Efliott 4120, at Greonfoid Computer 

Woikshop 25 April 19G8 

Rapidograph pen 0.2 

with tile foíiowing data 

Sphore data AAA 

1 300. —3600. 6, 304. 304. 0. 0, —4800 400 
0.2419, 0.2419. 0.9397. 2. H 



happened but a diange did occur. Well. 
what I am going to do very shortly is to make 
a Inte drawing of a lioad and use the Loicnz 
Transformation to see wftat would happen 
to the appearance of that head, hypothetic- 
ally. as it approached the speed of light. I iike 
the idea because man cannot move at that 
speed. I’m ¡nterested in seeing what would 
happen. And. maybe I am also interested in 
introducing objects which we associate witfi 
slowness like a turtle and having it go at the 
speed of light, a strange sort of contradiction. 

I can use a well-known physiGal law as a 
point of departure and, then, quite arbi- 
trarily, I can cltange the numerical valúes 
which essentially change the reallty. I can 
have light travel five times faster than the 
speed of light. And in a sense put myself in a 
position of creating my own personal Science 
fiction. 

Arthur: There’s alrnost a contradiction Itere 
though. because if you can make a drawing, 
and by means of the Lorenz Transformation 
show what man ¡ooks like as he approaches 
the speed of light, you're closer to reality 
than Science has ever been. 

Charles: I don't know yet how to deal with 
this. i just know that I like to play with the 
world. I like to have the possibility of modi- 
fying certain circumstances, certain condi- 
tions in the environment. 

I think artists are going to be influenced by 
Science in one way or another. and I think 
that this is going to forcé some new defini- 
tion of art. This is inevitable. 


Sphere data DDD 

400. —3600, 8. 104. 0. 0. —4800 132 0 2419 
0.2419. 0.9397. 2. H 
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surfaces are somethmg of a probiem. Their 
varying light and shade cali for some addi- 
tional tonal variation ¡n the representation, 
sucii as hatching or paintincj. The probiem is 
pariicularly acute ¡n accurate measured 
drawing, which has been standardized in 
two main forms There is orthoyonal projec- 
tion. as used for engineering and architec- 
tural plans and elevations; and central 
projection. as used for perspective pictures. 
tn orthogonal projection, all pomts on a line 
perpendicular lo the picture plañe are repre- 
senled by the poínt where the line meets the 
picture plañe. In central projection tito 
projecting lines all pass through a single 
point. the viewpoint. Traditional perspective 
method is a graphic technique for transform- 
ing orthogonal projections into central. It 
enables salient points to be plotted, which 
then ftave to be joined by lines. It is a 
satisfactory method for straight lines, but 
tedious or ¡naccurate or both for curved lines. 
And it is entirely unsatisfactory for curved 
surfaces, where there are no salient points 
and no sharp edges. 

New concepiion of drawing 
A new conception of drawing. of a general 
nature, arises from the combination of four 
possibilities: 

1. Abandoning the linear convention and 
taking up a mosaic convention. as that 
used in haiftone photo-engraving. The 
picture is buílt up from sepárate dots of 
varying sizes, arranged in a regular 
mosaic. 

2. Abandoning the tedious and inaccurate 
graphic method and taking up numerical 
calculation. This is even more tedious íf 
done by hand, but of virtually unlimited 
accuracy. 

3. Removing the tedium from calculation 
by the use of a digital Computer. 

4. Using a digital plotter to produce the 
finished drawing from the numerical 
results, with great speed and precisión. 

Such a method would be especially suitable 
for drawing a ball. or any curved surface. 

Mosaic elements 

A typical plotter is capable of one basic 
operation, moving in a straight line to a new 
position. in either of two States, pen up or 
pen down. It can only move a whole number 
of steps in both directions across the paper. 
The step length is thus a quantum imposing a 
limit on resolution. But it is necessary to 
build up a range of plottable mosaic ele¬ 
ments, which reduces the resolution further. 
If we take a typical step length of 1 /200 inch, 
and choose a square 3 >; 3 steps as the 
mosaic unit. and use a pen one step in 
diameter, then the square can contain any of 
riine different areas of black. In gross, the 
effect will he a tone.having any of nine valúes 


from white to black. The resolution of the 
mosaic will be 66j elements per inch. 
Aiternatively, four tones could be used at 
100 elements per inch, sixteen tones at 50 
elements per inch, or generally iv tones at 
200/n elements per inch. 

Fundamental equations for mosaic elements 
In coordínate geometry. points, lines, curves, 
planes and surfaces are represented by num- 
bers, wiihin some suitable frame of reference. 
It is convenient here to take the viewpoint as 
the origin, and three rectangular axes with x 
positivo to the right. y positive upwards, and 
z negativo ín the direction of view. The unit 
of measurement is the plotter step. Then a 
point is specified by three numbers (x, y, z), 
which are steps along the respective axes. 
The picture plañe is perpendicular to the 
z-axis at a distance d from the origin. It is 
íherefore specified as the plañe z d. If the 
mosaic unit is a square m by m plotter steps, 
then the position of any mosaic element is 
specified by two numbers (p, q), where p - 
.... 2mx. mx, 0, mx, 2mx, ... ; q - .... 
- 2my, ~my, 0, my, 2my, ... ; and z — d is 
understood. Now any point (x, y, z) on the 
object is centraliy projected into the picture 
plañe in some element (p, q) of the mosaic. 
From the definition of the frame of reference, 
by similar triangles, we have the fundamental 
projection equations: 
p — xd/z 
q - yd/z. 

The srmplest iighting situation is a single 
source at such great distance that the inci- 
dent light at object and origin can be taken 
as parallel (such as sunlight). The source is 
then specified by three numbers (alpha. beta, 
gamma), the angles which a line pointing at 
the source makes with the x, y and z axes. 
The unit normal at a point on the object is the 
line, one step long. which is perpendicular to 
the surface at that point. It is found by stan¬ 
dard geometric procedures depending on 
the type of surface concerned. It is specified 
by three numbers (ux, uy, uz). Assuming 
that the surface is a perfect diffuser (matt 
white), the bríghtness at any point is given 
by Lambert's cosine law as the cosine of the 
angle between the normal and the direction 
of the source. Thus: 

bríghtness = ux. eos alpha -F uy. eos befa 
-F uz. eos gamma. 

This ¡s the tonal valué of the appropriate 
mosaic element, Full colour work involves no 
new principie, Using a trichromatic set of 
colours with black, the colour of the source 
and the local colour of the object are speci¬ 
fied. The bríghtness equation is used four 
times for each mosaic element, with weight- 
ing factors derived from the specifications. 

Mathematical description of illuminated ball 
A short way to refer to a point is by using a 


vector, written A, which is understood to 
llave three components (ax. ay. az), measured 
along the three axes. The length of a vector, 
the distance from the origin to A, is written 
1/11, The line through the origin (viewpoint) 
and element A in the mosaic is 
X ^ e.,4 (in full, xx — e.ax, xy = e.ay, xz — 
e.az) 

where e is a variable number. a parameter. 
The sphere with centre C and radius r is 
IXI 2 -2.C.X -i ICI 2 - r 2 
The intersection of the Itne and the sphere is 
therefore the point which satisfies botfi these 
equations. Substituting the first into the 
second we have 
\Ai 2 .e : ‘ l.C.A.e t ICI 2 ■ r 2 
This is a quadratic equation for e. whose 
solution is 

e (-brbvb 2 — 4.a.c)/2.a 

if a - \A\' 2 , b 2.C.A.. c — ICI 2 —r 2 
The two Solutions for e are then substituted 
in the equation to the line to give two inter- 
sections. The visible one is the nearer of the 
two tothe viewpoint. The normal al any point 
on a sphere is the line through that point and 
the centre. The unit normal is found by 
dividing by the radius. Thus if the ítne 
through the origin and mosaic element A 
interseets the sphere at point /. the centre of 
the sphere is point C. and the radius is r, then 
the unit normal is (/- C)¡ r, it then remains to 
use the bríghtness equation to find the tonal 
valué of the mosaic element A. 

ALGOL programme 

These calculations, and the subsequent plot- 
tíng instructions for the mosaic elements, 
have been written as an Elliott ALGOL pro- 
gramme. The programme has a range of ten 
bríghtness valúes. There are eight parameters 
to the programme, which are given valúes by 
a sepárate data tape. These are: 
plotting origin 

distance of picture plañe from viewpoint 

size of mosaic element 

horizontal cutoff valué for mosaic 

vertical cutoff valué for mosaic 

centre of sphere 

radius of sphere 

direction of iliumination. 

The drawings were produced by the Elliott 
4120 Computer at Greenford Computer 
Workshop, using a Benson-Lehner141 digi¬ 
tal plotter and Rapidograph Variant pens. 

So what ? 

A ball is a suitable test case, mathematicaliy 
simple yet beyond the reach of traditional 
perspective methods. Clearly the same ap~ 
proach enfolds the whole of classical linear 
perspective by simple specializations. It is 
also clear that it can be extended to draw 
other forms which have been mathematicaliy 
studied, placed in any position in any light. 
The next important step ¡s to develop a 
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metliod for specifying natural forms ¡n com- 
putable terms. The work in developing a 
programme ¡s considerable. But once done, 
it provides a whole tange of pictures of 
imaginary objects. of photographic standard 
but under various Controls. The limit, as 
before, ¡s the imaginative grasp of the user. 

26 April 1968—programme 
by Alan Parkin 
Spherelit: 

'BEGIN' 'REAL' CX. CY, CZ. R, DIX. DIY, 
DIZ, LAM. BRI. AX. AY, AZ. NOX. NOY. 
NOZ. T, U, V. MISS; 

'INTEGER' E. J. K. S. D. N. M. Q; 

■READ' E. D. S, N. M, CX. CY, CZ. R. DIX, 
DI Y, DIZ, Q; 

SETORIGIN (E, O); 

'FOR' K: = M 'STEP' -S 'UNTIL' — M 'DO' 
'FOR' J :-N 'STEP' -S 'UNTIL' -N 'DO' 
'BEGIN'AX:=J; 

AY:=K; 

AZ:=D; 

T: = -AX , CX-AX ,, CX-AY*CY-AY*CY 
—AZ*CZ—AZ*CZ: 

U :=AX*AX+AY *AY+AZ *AZ; 

V:=CX *CX+CY *CY+CZ *CZ; 
M1SS:=T*T-4*U*(V-R*R); 

•|F’ MISS<-0.0000001 'THEN' 'GOTO' 
RETURN; 

LAM :=(-T - SQRT(MISS))/(U l-U); 
NOX: —(LAM *AX- CX)/R ; 

Computer- 
generated pictures 


L. D. Flarmon and K. C. Knowlton 

A 35-mm transparency is made from a photo 
of some real-world object and scanned by a 
machine similar to a televisión camera. The 
resultant eléctrica! signáis are converted into 
numerical representations on magnetic tape. 
This provides a digitized versión of the pie- 
ture for Computer Processing. 

The first step t3ken by the Computer is to 
fragment the picture into 88 rows of 132 
fragments per row. The average brightness 
level of each fragment is computed: thus 
11,616 (88 x 132) numbers are generated. 

The brightness levels are encoded into 
numbers 0 through 15 which stand for 
white, black, and 14 intermedíate shades of 
grey. The original picture is now represented i 
by 11.616 numbers each une of which 
represents a small arca having one of 16 
possible density (brightness) valúes. 
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NOY: (LAM*AY CY)/R; 

NOZ:-(LAM ”AZ-CZ)/R; 

BRI : —NOX"DIX + NOY*DIY I NOZ'DIZ; 
•|F' BRI 'GE' 0.8888888 'THEN' 'GOTO' 
RETURN: 

'IF BRI<0.8888888 'AND' BRI 'GE' 
0.7777777 'THEN' 

'BEGIN' MOVEPEN (J. K) : 

DRAWLINE (J+Q, K) ; 

'GOTO' RETURN: 

'END': 

'IF BRI<0.7777777 'AND' BRI 'GE' 
0.6666666 'THEN' 

'BEGIN' MOVEPEN (J. K); 

DRAWLINE (J + 2*Q, K): 

'GOTO' RETURN: 

'END'; 

'IF BRI<0.6666666 'AND' BRI 'GE' 
0.5555555 'THEN' 

'BEGIN' MOVEPEN (J. K); 

DRAWLINE (J + 2‘Q. K); 

DRAWLINE (J+2*Q, K+Q); 

'GOTO' RETURN: 

'END': 

'IF' BR]<0.5555555 'AND' BRI 'GE' 
0.4444444 'THEN' 

'BEGIN' MOVEPEN (J, K): 

DRAWLINE (J + 2*0. K); 

DRAWLINE (J + 2*Q. K+Q); 
DRAWLINE (J+Q. K + Q); 

'END'; 

'IF' BRI<0.4444444 'AND' BRI 'GE' 
0.3333333 'THEN' 


In the processed picture a given density is 
reproduced by the number of black dots 
occupying an 11 x 11 square, and this dot 
array is produced on microfilm by a Strom- 
berg Carlson 4020 microfilm printer. Instead 
of randomly sprinkling black dots over the 
11 ;•■: 11 square in the proportion calied for 
by any given brightness level, the dots are 
organized into micropatterns which can be 
seen at cióse range. For example, a light grey 
(say brightness level 5) requires (ideally) 
42 black dots. So approximately this number 


'BEGIN' MOVEPEN (J. K); 
DRAWLINE (J ! 2 *Q. K); 
DRAWLINE (J I 2*Q. K ¡ O): 
DRAWLINE (J, K i Q); 

'END': 

'IF BRI<0.3333333 'AND' BRI 'GE' 
0.2222222 'THEN' 

'BEGIN' MOVEPEN (J. K); 
DRAWLINE (J -1-2*0. K): 
DRAWLINE (J I 2 *Q. K ¡ Q); 
DRAWLINE (J. K l O); 

DRAWLINE (J. K + 2*Q); 

'END'; 

'IF BRI<0.2222222 'AND' BRI 'GE' 
0.1111111 'THEN' 

'BEGIN' MOVEPEN (J. K); 
DRAWLINE (J + 2*Q, K); 
DRAWLINE (J + 2*Q. K+Q); 
DRAWLINE (J. K+Q); 

DRAWLINE (J. K+2*Q); 
DRAWLINE (J+Q, K+2*Q); 

'END'; 

'IF BRI<0.1 lililí 'THEN' 

'BEGIN' MOVEPEN (J. K); 
DRAWLINE (J + 2 "O, K); 
DRAWLINE (J l-2*Q. K + Q); 
DRAWLINE (J, K+Q): 

DRAWLINE (J. K+2*Q); 
DRAWLINE (J+2*Q, K + 2*Q): 
'END'; 

RETURN: 'END': 

MOVEPEN (0, 0); 

'END': 


of black dots is structured to form either a 
house, or a cat, or a stop light, or an um- 
brella, etc. Similarly a nearly black element 
(say level 14, requiring 111 black dots) 
might be a lightning flash, a white división 
sign on a black background. etc. There are a 
total of 141 patterns. Some brightness levels 
have as many as 14 to choose from, while 
others have as few as 5. 

When a particular brightness leve! is calied 
for. the Computer makes a random choice 
among the set which fits that level; different 






probabililies may be assigned to different 
patterns within a given level. 

The overall picture is actuafly produced on 
6 frames of microfilm because tile resolution 
of the microfilm printer is only 500 separable 
dots horizontaily, whereas we need 132 x 11 
1452 dots along that dimensión. The 6 
microfilm frames are then enlarged photo- 
graphicülly. pasted together, and repholo- 


graphed to produce a final higfi-contrast 
8 10 indi negative. Tftis negative is tiren 

used to produce a giant enlargement like the 
one shown here. At cióse viewing distances 
the 11,616 tiny patterns ore clearly visible, 
but unless you know exactly what to look 
for. tire large picture carrnot be perceived 
With increasingly great viewing distances the 
small patterns disappear, and the overall pic¬ 


ture emerges. 

1 here are several reasons for experímenting 
with tírese pictures: 

To develop new Computer languages which 
can oasily manipúlate graphical data ; 

To explore new forms of computer- 
produced art; 

To examine some aspects of human pattern 
-perceptiorr. 


To|), Mural I9Ü6, 5 12 (t pruducod by Konnelh C. 

Knowlton of Plainfiald New Jersey and León O. 
llar muir of LV-r Iclruilu. New Jersey. 

A crimventionul phutoyruph was scanned. like u 
televisión picture. urtd the iirsultrnrt oloctiical signáis 
were conveited ¡rito hinary numhers (represanting 
brighlness lavéis at each point). These numbers 
were then wriiten on niagnelic tape Which thus 
provrded a digilized versión of the picture for com¬ 
putar Processing. It was tequired that brighlness be 
quantized inlo eight levels (fronr all black to olí 
wlnte) to lupiusem roiirtl valuó fur local patches ul 
picture (100 across, forty vertically, i.c. <1.000 irr all). 
llrus each 1/4000 of (fie piclute aiea is representad 
by orre of eight possible densities. A given density 
was repnutuced tu tire ptoeessod picture Iry dio 
number of primitive black poinls occupying a 10 x 10 
square. Tlius air all lil.ick región vvuulil llave 100 
as m it. ideally an all-wlnte patch would be bare. but 
a few as were sprinkled in to avoid a washed-out 
appearaoee. The renraininy six levels were obtained 
by varying the porcemage occupancy by as oí each 
10 10 area. Actually twelvo choices were pro- 

vided, two at each Eevel, to avoid monotony. Tírese 
twelvo sub-pictures were made to reprcsent various 
appropriato patterns. Tliey are Level 2 (nearest 
'■'■Tute): multlplication and división signs; Level 3; 
transistors, either normally oriented or rotated; 
Level 4: zener diodes. either normally oriented or 
rotated; Leve! 5: vacuurn t/iodes or a random 
pattern; Level 6: resistors or a tape reel; Level 7 
(nearest black); a wiring crossover or a random 
checkerboard. 

Wlren the Computer (ound a quantized picture 
región of a particular level. the appropriated sub- 
piclum was Cültud up and printed by a mlciofilm 
output plotter at the proper location. The resultant 
microfilm was Ilion unlaryod photogiophically to 
produce the final mural. You will see that ihere are 
•bree viewing fevels. At the cfosest view, one can 
see the individual a symbols. At the next level the 
sub-patterns are evident. Finally at sufficiently 
great viewing distance (20 to 30 feet is appropriate. 
but even mora is better). the overall picture (original) 
becomes clear. The effect is very much like that of 
viewing a newsprint photo very cióse up at first, 
then stepping back. 

[Patrons of the project: E. Atthurs: E. E. David jr; 
B. Julesz; W. V. Mathews; P, G. Neumann; J. R. 
Pierce; M. R. Schroeder; V. A. Vyssotsky.] 

Above riglit. K. C. Knowlton and León D. Harmon 
Telephone.studies in percepiion / 

Above. far right. K. C, Knowlton and León D. Harmon 
Gargoy/e: studies in parception III 

Right, Tone scale of symbols used in producing the 
Telaphone. All the images are, in fací, 
cummunication symbols 
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Boeing Computer 
graphics 


The Boeing Computer Graphics organization 
has been working on direct application oí 
projects within the company. They produce 
a final product which is used by engineers 
¡ and management to visualize specific prob- 
lems. There are various studies involving 
Boeing aircraft and its ¡mmediate environ- 
ment, such as airports, flight. etc. These are 
in the form of pilot visibility in cockpit 
configurations and various perspective and 
¡sometric drawings of aircraft done with a 
; Computer ptotter. The equipment used was 
Keypunch, IBM 1400C reader printer. IBM 
7094 Computer, Gerber plotter. 

One of the projects is the animation of the 
human figure by the Computer including 
¡ sequence of film showíng movement of the 
various limbs. This man is a cre3tion of Air 
? Forcé data and the Boeing designers and he 
represents the fifty percentile pilot in the US 
Air Forcé. 


} 1. Human figure 

This was the outgrowth of human engineedng 
} needs for a means of determining human 
capabilities in cockpit configurations. It is used for 
) studies to determine cockpit instrument location 
and arrangement for easier use of control 
) Top, centre column, f/ont view-seated. Subject 
checkout plot. 

) Top. right-hand column. and reading downw3rds 
left to right in sequence. tear view sequence. Due to 
) the inability of the programme to elimínate hidden 
lines at this time, we heve a transparent figure. 

) This figure is seated looking away from you with 
a movement to right and body movement 
i toward the left. 

This figure is now a seven-system figure. Each 
) moveablc part is a system-the head and neck. 

the torso, the legs. right upper arm, left upper arm. 

) right lowor arm. left lower arm. The aim is to have 
a 21 -system man where the complete figure can 
) be manipulated 
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2. Boeing 737 project 

Tiiis oircraft is a short-range commercial oirliner 
which has gone ¡nlo Service in 19C8. 
a. Ortliographic plot-from view 
h. Orthogiaphic plot—side view 
c. Isomotric plot 

F¡gu(o a and b are check plots and are par! of 
checkout programme. From Ihem one can be sure 
lira! tire information is corree!. The plols are 
produced by an automalic plotting machine, ihe 
Gerbet plottor, from tapes produced from thu 
IBM 7094. The Information is fed to lhe 7094 in 
tire íorm of punched IBM cards. 

The isornetric view is produced by usiny tire 
programme for tile subjeot defmilinn along with a 
Computer graphics programme. The isometrics 
weru used as a drawing base for manuals and 
publication work which involved pretorial 
representation of the Boeing 737 
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3. Seattle-l3coma Airport 

This was the first Boeing airport configuration for 

molion picture landing simulation. The data was 

taken from the Master Plan oí Seattle-Taeoma 

Airport. 

a. Orthographic víew of Seattle-Taeoma Airport 
configuraban. 

b. Manoeuvre checkout plots wíth angle of 
descent and dístanco figured to aircraft speed- 
approach to landing. The maín subject is an airplane 
¡n the middle of all the frames in the sequence. 

c. i-iv. Zoom sequence from a height above the 
airport right up to the back of the primary object. 
The aircraft is not any one defined. 
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Computart 

panelling 

Robert Parslow and Michaeí Pítteway 

This demonstrates a combination of two 
sepárate research activities ¡n the Computer 
Science Department at Brunel University. 
Robert Parslow has been active for a num- 
ber of years in Computer simulation work 
which ¡nvolves the efficíent generatíon of 
long sections of random or pseudo-random 
numbers. Professor Michael Pítteway deve- 
loped an equaily efficient programme for 
drawing conic sections. e.g. ellipses or 
hyperbolic ares using the incremental graph 


plotter available with the Bruneí University 
Computer. 

The two are here combined to produce 
computart origináis of great simplrcity. The 
Computer is first given the dimensions of the 
reguired picture and is toid how many curves 
are required in each colour-though only 
black has been used in this example. The 
machine then generates five random num¬ 
bers, places the pen anywhere on the paper 
(two more random numbers required for this) 
and starts to draw a conic section chosen by 
the random numbers. The range of each 
number is scaled, however, so that, on 
average, the shapes drawn tend to fit the 
trame of the picture; round tubby curves are 
produced more often for a square picture 
while a long thin picture is covered with 
matching long thin shapes. When the pen 
reaches the edge of the picture. or ¡f ¡t is 


drawing a small eliipse when it has gonemost 
of the way round, the Computer suddenly 
generates five more random numbers and 
starts another curve. When enougfi curves 
have been drawn. the pen is lifted, the paper 
is moved on, and the Computer starts a new 
picture. Every picture is an original. The'com- 
puter never repeats ítself, to the disappoiní- 
ment of an operator who on one occasion 
was unable to repeat a very effective sur- 
reafistic bull that was unfortunately produced 
under test conditions using a ball-point pen 
instead of the more effective coloured inks. 

From an artistic standpoint, the programme 
is a genuine attempt to escape from the pretty 
geometrical and mathematical figures of con- 
ventional Computer artwork, showing how 
the power and flexibility of modern equip- 
ment can be used to introduce a new freedorn 
into the field of machine-associated art. 
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Calcornp plotting 
system 


The Cateomp model 770 rnagnetictapü System 
was used in conjunction with their 702 flatbed 
plottur to produce these Computer graphics. 

/ Hummimfbtid liy Kerry Strand. produced cm 
Calcomp 770 tape system and modut 702 flütbed 
plottur. Plutlmy tinte took 30 minutes. 


2 Crcsi by Kerry Strand. produced on Calcomp 770 
tape system and model 763 drum píotter (?ip 
mode). Plotting time took 5 minutes. 

.? Thtee peaks by John Szabo. produced on 
Calcomp 770 tape system and model 763 drum 
plotter, Plotting time took 7 minutes. 



3 



5 


1 



4 KrystaUos 


5 The bat by John 
Szabo, produced on 
Calcomp 770 tape 
system and model 763 
drum plotter (zip 
mode). Plotting lime 
took 7 minutos. 


6 Symplexity by Kerry 
Strand and Larry 
Jenkins. produced on 
Calcomp 770 tape 
system and model 702 
flatbed plotter, Plotting 
time took 1 hour. 


7 The snaif by Kerry 
Strand, produced on 
Calcomp 770 tape 
system and model 702 
flatbed plotter. Plotting 
time took 4) hours. 


















Computer- 
generated graphics 


Maughan S. Masón 

Masón visualizes the desired pattern and 
then conceives a Circuit arrangement which 
will produce the effect. He works wíth an 
analogue Computer in association with an 
XY plotter. The drawings are executed in 
black or coioured ¡nks. They were previously 
shown at the Salt Lake Art Center, Salí Lake 
City, Utah. 








M :, v ■( )'A 


Computer prints 


Duane Paiyka 

All my work was done on Carnegie-Meflon 
University's Bondix G-21 Computer with a 
standard uppor-case character set. The pro- 
grammes wero all written in ALGOL and 
utilized periods of three to fifty-nine minutes 
of Computer time for each lime my pro- 
gramme ran. I had no direct contact with the 
Computer but had to submit my programme 
to an attendant to be run and then pick it up 
again afterwards along with the resultan! 
output. The output contained the inputted 
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code of my programme followed by a se- 
guence of Computer prints, eacíi differing 
from the one before it. Tliis variance results 
because of a random number generator 
wirrch I cali upon quite extcnsively through- 
out my programme. 

in originating my work two years ago, I 
developed several simple shapes that I felt 
would be exciting within a random grid 
arrangement. Since they were shapes that 
could easily relate to one anotlier, I estab- 
lished some mathematical relatlonships that 
I would have liked to liappen between the 
shapes. Then the Computer, as I had 
programmed, generated random grid struc- 
tures with my shapes allowlng these 
relationstrips to occur in varlous positions of 
a tí ■ 6 grid. The relationships are based on 
reflexive propertios and nogative variations 
of the original slrapes dosigned. 

Among my early prints. (itere are a few 


composed totally of reflexive triangular 
shapes. These shapes are designed to order 
a SLtblle radiating diamond structure beyond 
tiie viewers' immediate encounter with tiie 
print. All of the mathematical manipulations 
and calculations of each print is programmed 
to occur in tiie first part of my programme. 
Only wlren the Computer has finished this 
pitase of the operation does it print out the 
completed form of the print. Thus, in my 
more compiicated pieces, the machine mani- 
pulates tiie design structure for one-half to 
tiiree-fourtlrs of an hour before finally print- 
ing it out. Tite valué clianges in the printing 
process are created by printing alphabetic 
cliaracters upon eacli other, and range from 
tlie initial white of the paper to a total black 
ctiaracter created by printing a T upon an 
‘E* upon an N' upon a 7.'. The increased 
time-lengtli occurs in wotks wliere eacli 
design is considered to be composed of 
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10,000 variable point positions on the page 
instead of the 36 design blocks used ¡n the 
eorlíer prints. I began transition towafds this 
more complex point system in the tbird 
group. In this group the programme contains 
a shifiing of grids and distortion of shapes 
until the original ¡nputted shapes (still being 
used at this point) becomo lost in the more 
demanding structure of the print. I make a 
distinct effort Itere and in all of my work to 
ailow chance to intervene at every possible 
pitase of mathematical manipulations. 

In the work which resulted in lite latest 
prints. I introduced, as an initial phaso of my 
programme, procedures to conslruct shapes 
and to construct them relative to the page 
upon which they would be placed, Increas- 
ingly, as my work progressod, the concept of 
pictorial space gained in ¡mportance. The 
shapes subsequently were designed more 
tltree-dimensionally and merged with a depth 
of enveloping space, Eventually I found my- 
self working on ntany programmes at the 
same time and storing tinfinished prints still 
in their mathematical State witliin the com- 
puter's memory-using them later in otlser 
programmes. As operations became more 
complicated, one pitase of the computer's 
operation merged with otlter phases; and 
shapes which were usually created first in 
the programme were now being created in 
the middle of a print's construction. In some 
cases I had the Computer analyse the finished 
print to determine its linear construction— 
having the linear analysis saved and used as 
a part of another print. 
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Computer graphics by Duane Palyka. Pittsburgh. 
The works were done on Carnegie-Mellon 
University’s Bendíx G-21 Computer with a 
standard upper-case choracter set. The 
programmes were all written in Algol and utílized 
periods of three to fifty-nine minutes of Computer 
time for each time the programme ran. 

The output contained the inputted code of the 


programme followed by a sequence of compute? 
prints. each ríiffering from the one before it. This 
variety results because a random generator was 
used extensively throughout. 


Uoyd Sumner 

started experimenting with Computer graphics in 
the early 1960s. He made them at the University 
of Virginia, using extended Algol for programmjng 
a Burroughs B 5500 and a Calcomp 565 plotter. 
He launched a firm called Computer Creations 
from which he selis Computer graphics in red, 
blue, green, brown and black. His graphics are 
given romantic tities and the largest dimensión 
is 28 x 12 in. This one is called Fríend/y f/ovvers 
of time and space. 
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7 designs 


Far right, Modufated ¡ogarithmic spira! by C. T. 
Messinger (China Lake, California), computed on 
IBM 7094 digital Computer and drawn on a 
Stromberg-Carlson 4020 display unit. 

Right, Weight funciion graph by C. T. Messinger. 
computed on an IBM 7094 Computer and drawn by 
a Stromberg-Carlson 4020 display unit. 




Below, EHipse by error by L W. Barnum EG &G, 
Jnc. Las Vegas, Nev. 89101. 

This elliptical figure was accidentally generated 
during a study of digitalíy-generated Lissajous 
figures. The figure should have been an ellipse 
caused by a 45 deg. phase shift. with sample 
points every 0.1 in. along the boundary of the 
figure. A Calcomp 565 driven by a CDC 106A. 
drew the figure. 


Below and bottom, Computer graphics by Petar 
Milojevic, McGill University, Montreal. 

The programming was done in Fortran and 
processod on the IBM 7044. The figures themselves 
were done on tho Calcomp 566 plotter. The cubic 
figures were obtamed by connecting certain points 
on the sides of a cube, with the positions of the 
fines changed by translation or rotation. 


Below. Boxes by Daré! Eschbach, University of 
Toledo. Ohio. The córner of each rectangle was 
generated by random numbers. The X dimensión of 
the box was detemnined as 1.09 times the X co¬ 
ordínate. This produces a design which has squares 
on the diagonal and rectangíes on each side as you 
move away from the diagonal. The design was 
made on an IBM 1620 with an IBM 1627 plotter. 
and was programmed in Fortran. 
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Below. Computer graphic 3. 1960 was executed by 
Kurd Alsleben tngelher with Or Cord Passow in 1960 
in Hamburg on an electronic analogue Computer 
which was linked to a graphic plotter. The 
differences in the configurations depend on the 
parameter changes of a differential equation. 

These and others from the same series were ¡n 
Kurd Alsleben's book Aestetische ftedundanz. 
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Computer pictures 


Andrew Cotin 

These pictures are essentialiy action 
palntings. The programme which generates 
them has a 'repertoire' of five standard 
shapes: the circle, the ellipse. the triangle, 
the square and the rectangle. Before 
generating any pictures, the programme 
selects subsets of these shapes at random. 
It then generates examples of each shape. 


Geometric patterns 


assigns to them a random size orienta- 
tion of position, and places them into 
a previously black trame. When the 
number of shapes, which have previously 
been selected at random, have been placed 
the entire trame is printed out. The dlfferent 
shapes are dlstinguished by the use of 
dlfferent symbols. 

The pictures (Ilústrate the effect of par- 
tially randomizíng the process of selectlng 
the components of composltions. Andrew 
Colin found that although the majorlty of 
pictures produced in this way had no valué 
whatever a substantlal mlnority were agree- 
abletolookat. 

Eventually. he hopes to continué this 
experiment by introduclng some method 
of 'balance' between the shapes. 


them ¡f he wlshes, and then store either the 
original or the modificatíon (or both) back 
in the Computer. AH of this ¡s part of the DAC 
experimental man-computer design system 
developed by the General Motors Research 
Laboratories. 


Five geometric patterns from the research 
laboratorles of the General Motors Corpor¬ 
ation which were part of a programme for 
checking image quality and general screen 
presentation on the cathode-ray-tube screen 
of the DAC graphic consolé. They also 
serve as a diagnostic tool to check the 
recordar electronics. More specifically, for 
each of these a mathematical expression 
was programmed into the Computer; the 
Computer then translated the mathematlcs 
into graphical representations and fed this 
information into the graphic consolé, pre- 
senting each expression as a series of 
straight lines; the resultant pattern was then 
automatically recorded on film by the CRT 
recorder. and these prints were made from 
the film. Donald W. Borland wrltes: 'In two 
cases we doubled up-purely for the artlstry 
of ¡t. The prints with the yellow and bíue 
backgrounds were made by superimposing 
two negatives, in each case, and then 
printing the resulting combined pattern. 
The prints were then air-brushed to provide 
the tinted backgrounds.' 

The automotive dmwings show a use of 
the capabílity being checked in the other 
five prints. Briefly, the drawlngs that appear 
on the vlewing screen come from a mathe¬ 
matical representador! of the design stored 
in the computer's memory. By use of the 
electric 'pencil' and consolé keyboard, the 
designer is able to cali for various views. 
eniarge. rotate, and examine them, change 
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Mathematically- 
defined surfaces 

A. R. Forrest 


The three pictures show views of surfaces 
designed interactively on a computer- 
driven cathode ray tube display. The surfaces 



Joseph Stiegler 

Transmuiations 

Transmutations are generated from number 
sequences or lilerary texis. E3ch digit or letter is 
assigned a vector-a line of fixed length and 
directlon-vvhich ¡s tlian drawn at the end of the 
previous vector. Tire resultant line is a simultaneólas 
representador! of the sequential number or text. 


are defined mathemalically by three matrices 
visible in two of the pictures-alteration of a 
term in the matrix changas the surface. 
Other Information on the screen Controls the 
programare. 

The surface deslgn programme was written 
toaid research work on surface forms sultable 
for describing such shapes as car bodies and 
aeroplanes.The programme is notconvenient 
for a desígner to use. but despite this, 
several people have managed to construct 
shapes with considerable visual appeal. 

Warped surface No 1 aróse from a demon- 


stration of Ihe programme whun a portion of 
a sphere was progressively distorted until 
nothing remained of the original shape. 

Distorted ha/f cone started out as a cone, 
but the Z co-ordinate Information was 
altered. One view remains as in the original. 
This surface was designed solely for the 
pattern in the Z-X view. 

StyUzed cross is in fact a plural surface, 
the normal projectlon of which is drawn. 
The surface was designed as a pattern—it has 
no other practical use. 























Cubic interpolations 


Sam Schmitt 

The smootbing of experimental data by 
polynomíal interpolation is familiar ¡n nu- 
merical analysís. Sam Schmitt of Princeton 
liad the idea of using (cubic) interpolation 
on the abscissi and ordinales separately. 
This gives rise to smoothing in a peculiar 
sense since it can givo rise to nodes and 
small loops, and this peculiarity is largely 
responsíble for the artistic effocts. These 
graphics were produced by Schmitt with 
the help of a CDC 1604. Furfher examples 
could be readily gonerated with the aid of 
the following precise descriptions: 

We select n points P, (x,, y,) (r 1.2, 

3. n) randomly or not. We define 

P, ¡„ P„ that is. we think of the n points 
as cyclically ordered. We now choose four 
consecutivo points, P,. P rH . P Ii2 , P r¡3 . 
and find cubic functions F, and G, such 

that F,(0) x,. F,(3) - x (¡3 , G,(0) 

V,. G,(3) — y rl3 . We use this pair of 

cubic functions to draw an are from P r to 
P,,.,. Now replace P r by the point [F, 
(0.1), (G,(0.1) | say, and repeat the process 
for the points P, M , P,, 2 , P,, 3 . P f 4 . And 
so on round and round cyclically until the 
human operaior decides to stop. 




Top, Cubic interpolation 1. and centre, left and 
right, Cubic interpolation 2 and 3. by Sam Schmitt 
and Slockton Gaines 

Above. and above right. Sailboat based on pursuit 
curvos with random seleclion of initial positions 
of the beetlos 

Left. Mask 

[All drawn by Computer CDC 1604 at Princeton 
üniversity, submitted by I. J. Good.J 
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Isometric view of 
neutrón distribution 


D. J. DiLeonardo 

These isometric views were produced at the 
Westinghouse Electric Corporation, West 
Mifflin, Pennsylvania. 
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Above. Perspective view of the reactor power as 
a function of time a! several reactor core locations. 

Far left, These pairs of perspective views are 
actual stereo pairs. In coustructing the pairs the 
viewing position was displaced a distance equal 
to the distance between a viewer's two eyes 
(about 2$ inches). By staring at the stereo pairs 
a middle view will materialice which wili have 
a depth effect. 

Left and below left. Perspective views of the 
neutrón distribution in a reactor. 














Shift-register 
derived patterns 


D. H. Green 

The shift register is one of the most funda¬ 
mental elements of digital Computer hard¬ 
ware. It finds many applicatíons ¡n storing 
and manoeuvering binary Information witliin 
tlie central processor. 

When used in an autonomous mode with 
feedback, the device provides a rich source 
of binary codes with many dosirable pro- 
perties. Such codes or sequences h 3 ve many 
engineering applicatíons especially in the 
field of digital Communications. The study 
of feedback shift registers. or Chain code 
generators as they are sometíales called, 
provides a valuable insight into the funda¬ 
mental theory of more general sequential 
Systems and brings together many aspects of 
higfier mathematics and number theory. 

The device itself mechanizes a logical 
recursion on a set of stored binary digits. 
On command from a 'shift pulse' eacli binary 
digit is moved one place down the register. 
The last digit in the register is lost but the 
vacancy created in the first stage is filled by 
a new digit computed from the stored digits 
by means of a logical circuí?. Thus successive 
digits in the sequence are produced by the 
feedback of some logical combinaron of the 
digits previously lield in the register. The set 
of digits in the register at any time between 
shift pulses constitutes the 'state' of the 
register and as successive shift pulses are 
applied the register progresses through a 
sequence of States. 

The mathematics describing this sequential 
behaviour become complex unless re- 
strictions are placed on the type of feedback 
logics used. One such restriction ensures 
that all States will lie on closed branchless 
cycles so that the shift register will be con- 
fined to generate repeating sequences of 
binary symbols. As the sequences generated 
by this means are strings of O's and 1 's the 
human observer may find difficulty in 
distinguishing between different sequences. 

A technique wliich has proved useful in 
overcoming this drawback involves the 
transformaron of the digit strings into 
characteristic two-dimensional patterns 
traced out on a unit cellular lattice. 

A simple conversión procedure is used 
whereby the binary sequence is ínspected 
three digits at a time and to each of the 
etght possible combinations arising is allotted 
a direction of movement over the cellular 
lattice. Thus each of the 3 - digit combinations 
causes the trace to move from a point on the 


latticeto ono of the eight points immediately 
adjacent according to tile coding system 
shown below. This procedure is repeated 
in a serial overlappmg manner down the 
whole length of the sequence and as a result 
a paítern characteristic of the sequence is 
Iraced out on the lattice. 

If. for each combinaron of 3 digits found 
in the sequence, títere exists at some other 
position in the sequence another com¬ 
binaron of 3 digits which is the logical 
inverse (O's and 1 's ¡nterchanged) of the 
first combinatlon, then the net movement 
over the lattice will be zero. This means that 
the trace eventuaíly returns to its starting 
position and, as the sequence repeats, the 
pattern will be retraced in exactly the same 
position on the lattice. This property is 
satisfied by a large number of sequences. 
The patterns may be generated manually 
but long sequences are best generated and 
plotted by means of Computer programme. 
Some typical results are shown here. It is 
also possible to construct digital hardware 
which will generate and display these 
patterns on a ORO screen. 

The technique has been found extremely 
useful in the study of shift-register sequen¬ 
ces. Many of the structural properties of the 
sequences are manifested as specific pattern 
configuraiions, e.g. skew-symmetrical se¬ 
quences give skew-symmetrical patterns. 

As the size and complexity of the shift- 
register becomes large the patterns pro¬ 
duced in this way can take on astonishingly 
elabórate forms. Simple changes in the 
feedback logic or starting state of the 
generator can reveal a wealth of new 
structures, but the sheer determlnism and 
inevitabilíty of their logical derivation seems 
to endow each one with some undefined 
similarity. 
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Oscillons (electronic 
abstractions) 


Ben F. Laposky 

Oscillons, or electronic abstractions, are 
compositions generated by means of 
electronic waveforms on a cathode ray 
oscllloscope, Oscillons are monochromatic. 


Cydac images 


Mortimer L. MendBÍsohn, Brian H. Myall, 
Judith M. S. Prewltt, Benson H. Perry, 
and Thomas J. Conway 

Cydac is a device that converts the images 
ot microscopio objects and photographs 
into a series of numbers suited to Computer 
Processing. The image is scanned directiy 
through a microscope and is divided into 
40,000 minute elements. The Üght passing 
through each eiement is measured and re- 
corded as a number. These numbers are 
analysed by a Computer (IBM 7040) pro- 
grammed to recognize different types of cells 
and oíher objects of medical and biológica! 
¡nterest. The Computer can also generate 
pictorial representations of the original 
image, using combinations of letters and 
symbols to simúlate different tones of grey, 
as is sliown in these examples. 

In some forms of analysis, the image is 
differentiated to find how rapidly the grey 
level changes between adjacent areas. In the 
differentiated pictures, dark elements cor- 
respond to large changes, giving a result 
that is somewhat analogous to a line drawing. 


1. Human chromosome (rnagniftod 20.000 times) 

2. Manso kidney {mnflnifintl 3.200 timos) 

3. Nieve cell írum a motikey broin (maynifiud 
20.000 times) 

4. Differentiated ñervo celt 

5. X-ray of child's heacf 

6. Differentiated x-ray of child's head 
[Cydac images from Department of Radiology. 
Unlversity of Ponnsylvania.1 


but colour effects may be added by the use 
of fliters in front of the cathode ray tube, 

The electronic abstractions are recorded 
photograpbically on paper, sfides or film, 
or they can be displayed directiy on a 
televisión tube. Many kinds of oscilloscope 
circuits and other ¡nput instruments, such as 
oscíllators. ampliíiers. modulators, are re- 
quired to produce a wide range of forms in 
this médium. 

Ben Laposky, from Cherokee, lowa, has 
held exhibltions of his oscillons since 1 953 
and a number of them have been used ¡n 
design and advertlslng. 
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An important new title from Her Majesty’s 
Stationery Office 

Computer Peripherals and Typesetting 

by Arthur Phillips 

This book brings together data on Computer peripherals no! available in any other single 
publication. Paying spedal attention to the coding and keyboarding of alphanumeric tests, it 
gives a detailed descriplion of how the Computer can be «sed for test handling with a lypographic 
loulput, and how it can be applied to information processing and the control of hot metal and filniset 
composition, The reader should be abte to acquire a knowledge tliat will enable him to apprcciate 
¡the problems and arrive at the right decisions when considering the vast potentia! of the Computer 
in this ¡ncreasingly importan! freíd, 

Siró Royal 8vo (25 x 16 cm), 64t pp,, illustrated, clolh bound, dust jacket. 


To be publislied Aitgusl 

Also available: Progranimtng In Algol 
Computer Education 
Report of a Joint Working Group 
on Computers for Research 
Computers in Offices 
(Manpower Studies No. 4) 

Computer Installations: Aceoninrodation 
and Fire Precautlons 
Modern Computing Methods 
) (Notes on Applied Science No. 16) 

Príees in brackels inelude poslage 


160s. (postage exira) 

4s. 6d. (4s. lOd.) 

4s. 6d. (4s. I Id.) 

6s. 6d. (7s.) 

4s. (4s. 6d.) 

3s. 9d. (4s. 2d.) 

21 s. (22s. Id.) 


QDESSB 


¡Government publicalions can be purchased from (he Government Bookshops in London (post orders 
to P.O. Box 569, S.E.I), Edinburgh, Carditf, Belfast, Manchester, flirmingham and Bristol, or 
Hhrough any bookselfcr 


COMPUTERS, SYSTEMS 
SCIENCE, AND EVOLVÍNG 
SOCIETY; THE CHALLENGE 
OF MAN-MACHINE DIGITAL 
SYSTEMS 

by H. Sackman, Systems 
Development Corporation. 

Concerned with the historical 
origins, status, and prospeets of 
Computer-assisted experimental 
methodology for scientific de- 
sign and development of com- 
puter-based systems. Provides a 
general theory and philosophy of 
man-rrtachine digital systems and 
describes in detail a variety of 
applied man-computer system 
tests and experiments. The book 
is a volume in the Systems De¬ 
velopment Corporation seríes. 

638 pages 116s 



Introduction 
to Computers 

KEITH L0N00N 


As the Computer is having an u np rece cíe nted 
impact ou all spheres of human nctivity, 
n ^iiidc to the workÍiu»s of the modern 
eleclmnic digital Computer has bceome 
ncccssary, 'Ihis hook presents ¡\ non-technical 
dcscrrption of the Computer, suttahlc hoth 
for ihe schnol-leavtr and gradúate considering 
a cárter in computers, and for íhc busmess 
man faceii with the prohlem of tiHroducmj' a 
Computer into hís organizaron. Ir will 
also help those whu fccl that a more than 
superficial knowlcdge of computers will l>e of 1 
interest, and, ultimatcly, of lwneftt, The 
author contetufs that a sound imdcrstnndmg | 
of the principies of ope raí ion of the 
Computer can he nblained wilhout a 
knowledge of hii»hcr mathematíes or clccttical 
enj*ínecrinií. 

With 91 dia^rams and 5 pía tes 50/, 

FABER & FABER 

24 lUisscll Squsrc Loiukm WCi 


CONVERSATIONAL 

COMPUTERS 

edited by William D. Orr, 

S.F. Associates. 

A non-technical introductory 
treatment of computers that 
brings together writings by spec- 
ialists that have pivotai effeets 
on the field. Approached from the 
standpoint that 'conversational' 
interaction with computers is a 
major new phenomenon in its own 
right, not another application' of 
computers. it covers ali major 
topics that are modes of con¬ 
versaron with computers; and it 
contains selections with enough 
phiiosophical depth or new In¬ 
formation to satisfy the specialist. 

227 pages 84s 


JOHN W1LEY & SONS LTD 


BAFFINS LAÑE ■ CHICHESTERSUSSEX 





































THE SCIENCE OF ART 

The Cybernetics ot Creative Communicaiion 

by Roben E Mueller 

wilh dmwincjs bv ti)e nuthor 


A laii! ami cxatini} rnntnmpwaiy cxpkiimion of cyhernetic ideas íor 
sciunlists. uitists and lln* ¿jleit laymüii. 

Huí íiulhor has lud practica! oxpcriunce of tiro visual aits, music and 
Science. He has read widely and thought crilically. His book givcs much 
information about the technology of art and the bearing artistic sensi- 
bility has upon scientific discovery and upon man's undcrstanding of his 
environment. Scientist and artist emerge as opposite sidos of the same 
human process: complementing each other in the search for knowledge 
and the widening of awareness. 

ROBERT MUELLER: 

discussos Art not only as a means to move information but as a technique 
that expanda our lives and consciousness 

attempts to determino what meanings aro encoded in each art form. 
what their rdutionships are and how new tecliniques and media 
proliferate the encoding possibiíities 

ineludes n critique of the uso of novel tochniques, pinpointing their 
lirnitations and showtng al the same time how they have been validly 
used in art 

supplics abundant bibliographical roforonces 

352 pages 55s net 


Order now from your bookseíler or direct from the publishers 
57s post free 

Rapp & Whiting Limited 

76 New Oxford Street London WC1 01 -636 3436 


ADVANCE NOTICE 

BEHIND ARPEARANCE 

A Study of the Refations between 
Painting and the Natural 
Sciences in this century 
by C. H. Waddington cbefrs 

A4 250 pages 71 colour plates 135 black and wliites, 
set ¡n double column Univers 

Professor Waddington. a biologist of world-wide 
reputation. Professor of Animal Genetics, Edinburgh, 
wiiefe he is director of one of the largest experimental 
bioíogical laboratories in Europe, President of the 
International Union of Bioíogical Sciences (1961/7), 
author of The Scientific Attituc/e. New Paiterns in 
Genetics. etc. has written a penetrating. 
comprehensiva, illuminating and gloriously 
illustrated account of the impact of scientific 
thought and practlce on painters from Monet to 
Riley. 

It will be published just as soon as we can get it out, 
at the lowest possibie pnce we can manage. 

EDINBURGH UNIVERSITY PRESS 



utomation is the 
orchestration of industry 


and Ferranti know thescore! 


FERRANTI 

First in Advanced Technology 















Motif Editions presents a selection of 7 images made with the 
aid of computers, from the Cybernetic Serendipity show 
Instituto of Contemporary Arts, Nash House, The Malí, Londoa 

S.W.1 ■ 

These lithographs are printed on a fine white cartridge and 
measure 20 x 30 inches, They are available singly, or in a set of 
seven in a specially designed presentation case, 20± x 30¿ 
inches, Included with the complete set is a copy of the cata¬ 
logue - a speclal issue of Studio International - 'Cybernetic 
Serendipity - the Computer and the arts'. 

These images are produced in a collector's form for the 
first time. A limited number is available from Motif Editions at 


the address below, or during theexhibition, at the ICA 

1. Running cola is Africa - black 

2. Return to square (a) - black 

3. Moire pattern - red 

4. Articulated figure development - black 

5. The snaif — black 

6. Random war - red and black 

7. 3-dimensional bug pattern - blue 


Presentation set £5.0.0. ($12.90) postage U. K. 6/- (USA 

SiuÍaíO 20) 25> S¡nglei!ems £10 a < $2 4 °) Postage 
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Awrld-wdc rcadership-Trom leadlng palmcrs and sculptors. mfluenüal ípdmduals ín the world of att ana 

•árdeles ^n .tfie históry oTtlie moderójmóyém^^ - 

young páiritérs.and sculptors', ártíst’sfstatémeñts^^ .Neiv^York, Ú.S. 

West Coást, Cañada, AustraliáyPans, Germanyí ltály, Israel; Eástérn Eufope, Scdnáiriavia, Latín 
America, Jápan : and felsevvhére,’ reporta ón ,exmbitións¿ sale-rocim pricés.; It ako^reports bn s t age ^ 
design, happenings, events, the involvementof páinters ánd sculptors in architecture. Three times 
a year it contains a special supplemént ; ;reviewing bóoks Ón art^lavice' a yeár,¿á speciál supple- í 
mént on prints and lithographs; three, times a year, a'ispecial^supplement^on graphic ¡desjgn,? 

• Indexes are issued half-yearly.'. , J \ /'*• • 

• ■■■. ^ ' / •• : 

STUDIO INTERNATIONAL'® CONTRIBUTORS 8INCE JANUARY 1M4 INCLUDE ' K ■'*; 

CHIMEN AURAMSKY, ROÑALO AllEY, TROELS ANDERSEN, DORE ASHTON, GUY ATKINS, MICHAEl AYRTON, REYNÉR BANHAM, GENE BARO, CYRIL BARRETT, QUENUN BELL, JOHN . 
BERGER, PROF. MiSHA BLACK, ALAN BOWNESS, GUY BRETT, ROBIN CAMPBELL, JEAN CLAY, RAROLD COHEN, CHRISTOPHER CORNFQRD, THEO CROSBY, F1DIEIA DANIEL!, ALAN 
DAVIE, PROF, GUIO DORFIES, NEVIllE DUBOW, PROF. ALBERT EL SEN, JOHN ERNÉST, OYVIND FAHLSTROM, OR. HANS THEOOOR FLEMMING, ANDREW FORGE, SUZJ GABLIK, NAUM 
0A8O, PROF. D. J. GORDON, OLLE GRANATH, CLEMENT GREENBERG, ÜOUGLAS HALL, RICHARD HAMILTON. JOSEF HERMAN. PATRICK NERON, ANTHONY HILL, JACK HILLIER, DR. J. V 
P. HODIN, CUFF MOLDEN, TOM HUDSON. ROSERT HUGHES. STANLEY JONES, JOSHUA KÍND. DUSAN KONECNY, ROBERT KUDiÉLKA, JOHN LATHAM, jULlOrLE PARC, IRA LICHT, ULF ' 
LINDE, WILLIAM UPKE, EDWARD LUCIE-SMITH, NORBERT LYNTON, GIUSEPPE MARCHIORI, ROBERT MELVILLE, SIR TOM MONNINGTON, ROBERT MOTHERWELL, EDWiN MULLINS, FRITZ 
NEUGASS, DR. ALFRED NEUMEYER, BEK NICH0L50N. LEV NUSBERG, DONALO OGDEN STEWART, PAUL OVERY, SIR ROLAND PENROSE, JOHN PIPER, JOHN PLUMB, MICHAEL PODRO, DR.. . 
FRANKPOPPER.SiRHERBERTREAO.JASJAREICHAROT, GRAHAM REYNOLDS. CERI RICHARDS, GEORGE RICKEY, BRYAN ROBERT SON, T. G. ROSENTHAL, MAR CE LIO SALVADOR!, 
AARON SCHARF, PAUL WALDO SCHWARTZ, JESUS-RAPHAEL SOTO, F. N. SOUZA, CHARLES S. SPENCER, DAVIO SYLVESTER, JOH TUSON, DAYIO THOMPSON, HARRY THUBRON, JOHN 
ANTHONY THWAITES, EVA TUCKER, WILLIAM TUCK6R, PROF. C. H. WAOüINGTON. . 


institute of c 


Nash House, Pall Malí, London SW1 01-839 5344 


Cybernetic Serendipity has taken three 
years to prepare. Research and co-, 
operation by artists, technoiogists and 
industry from all over the world has made 
it possible. This exhibition is a further step 
in an extensión of activities which express 
the purpose of the ICA-to provide an open 


aríd free-thinking platform for Creative® 


thought and activity. 

Membership of the ICA enables yon to 
particípate in the major developmerits of 
the contemporary arts. You are invited to 
complete the application form on the 
reverse side. 


FULL MEMBERSHIP 


privlleges 


£5.5.0 


STANDARD MEMBERSHIP 


privileges 


£ 1 . 0.0 


■ Free admission to all ICA exhibitlons 

■ All other standard membership privileges es listad opposito 

PLUS- 


Monthly 36-pago ICA MAGA2INE (news, raviows, argumenta, píctures, 
poems, graphic experimenta, and othor happenings In prlnt, Britlsli and 
International) , 


Invitations to provlaw performances and screoninga, and prívate views 
full membership privlleges apply to a gueat as well 


■ Admlsslon to all ICA oxhlbltiona at half-prlca or less 'V-í '■ 

■ Admission to ICA clnema/lheatre club performances " 

■ Regular monthly dlary of avenís with programme notes 

H Wall stocked bookatall wlth special ptlces for ICA publlcatlons, postors and 
records 

■ Ucensed members' bar and refreshments 

■ Art8/deslgn library and magatine raadlng room 

■ Prfority booklng and reduced rates for musió, dance, pootry, discussions, and 
dthar performances 


full membership prlce £6. 6,0. per year 


standard membership prfes £1 parvear •. 
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Studlo lnternatlon.il Subscription Department 


Sludio internallonal Suhscription Department 


■ eurvey to help plan futura programmas 
‘ . wa ara maklng a survay of our ' 
íf; rnembers' main ¡nterests. P/easa tick 
.¿j Afchitectura ’ yv .v. j azz 

>|¿> Communications Music 


EnvIronmentS' 
Fashlon ;- 


_■ Tlieatto 


Irttemtz P/éiii 


^EñvffdHmanl 


Happenlng3 


Sculptura 

Theetre 


outcompfeteandpost thl$ card. 


ía;.-, Cutout, complete and postthlscard. 

?***•••••••••••••••••••••••••••• 

!" . Student ImT.iiYm ,ecelv8 S,udl ° Internallonel 

«iihai'rlntlnn ijir ° f !* ear **, 1 |55UB ®) «t tbe address below. I endose niv 
í 'V SUDSOriptlon UK remitíanos for £3. t ). Od. (Inc. poslage) y 

“..card W. * J. Mackey A Company United 


11-year (11 Itsues) eubscrlptlon £9. 19. M. 
2-years (24 Issues) eubscrlplíon Cío. 10 . pe 

J. Mackay 4 Company Umlted 
Falr Row, Chatham, Kent í .. . . 'C 


'IffeiJfléM*/' «frange for 

A;-:' srudio 

&|1Nterhationau 

- tobesentéáchmonth 
ló tile address below, 
Ui \.:. * ««doM o cheque 


A epeclat student 
eubscrlptlon Vate la 
«vollable to bono flde 
students. 


•154 Weet 15th Street 

New York, N.Y. 10011 

1- years (11 tisúes) subicrlptlon *15 Incl. 

2- yeare (22 Issues) subeerlptlon *28 Incl. 


155 West 15th Street, New York, N.Y, 1Ó0H 
Pleasearrangs lor me to recelve Studlo International 
1 year (11 Issues) el the address below. I endose 
remlllonco ol *12.00 (Inc, poslage). ; 


postape 

postsoe 


ÑAME 


Thls Is « new/renswal* eubscrlptlon 
Delate whlchever deas not apply 


ADDRESS 


DRESS 


Ñame of Colleoe or Instituía 


-A •' Ceuree belng taken: 

ilCí ' ' ■ v •' * '' ' : • 

,- Vv Signatura ol Realstrar- 



































































